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Bacteriological Studies of Cultured Buttermilk 


Ill. The Effect of Additions of Citric Acid, Sodium Citrate and Lactic Acid 
on the Progressive Changes in the Numbers of Leuconostoc citrovorum and 
Streptococcus cremoris as Associated with Acetylmethylcarbinol 


Plus Biacetyl and pH Levels"? 


W. E. 


GLENN AND C. C. Prouty 


Department of Dairy Science, State College of Washington, Pullman, Washington 
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Citric acid is the major source of biacetyl contributing 
to the flavor of cultured buttermilk. Templeton and 
Sommer (1929) first suggested addition of citric acid 
and sodium citrate to milk to increase biacetyl produc- 
tion. 

Michaelian ef al. (1938), using pure cultures of 
biacetyl-producing organisms, studied the 
between 


relation 
production of acetylmethylearbinol — plus 
biacetyl and the pH level of the milk. They also 
showed the unfavorable effect of lactic acid as an addi- 
tive. Cox (1945), likewise using pure cultures, investi- 
gated the relation between pH and biacety! production. 
In addition, he made observations on the rate of growth 
at various fixed pH levels as determined by frequent 
microscopic examinations of stained preparations. 

The present study explores the effect of added citric 
acid, sodium citrate, and lactic acid on the associated 
growth of Leuconostoc citrovorum and Streptococcus 
cremoris in relation to production of acetylmethyl- 
carbinol plus biacety]. Comparisons have been made 
with milk containing these additives and with milk 
containing additive. Detailed observations on 
bacteriological and biochemical studies of cultured 
buttermilk containing no additives were described in a 
previous publication (Glenn and Prouty, 1954). 

The data presented in this paper are the first record 
of numerical changes of the associated Leuconostoc 
and Streptococcus through the progressive course of 
the fermentation in milk containing citric acid and 
sodium citrate as additives. 


no 


EXPERIMENTAL METHODS 


Cultures. Two buttermilk starter cultures designated 
as Hs and Fs and composed of Leuconostoc citrovorum 
and Streptococcus cremoris were used. These were used 


'Seientifie Paper No. 1359, Washington Agricultural Ex- 
periment Stations, Pullman, Project No. 1019. 

* These data were taken in part from a thesis presented by 
the senior author to the faculty of the State College of Wash 
ington in partial fulfillment of the requirements for the Ph.D. 
degree. 
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in previous studies by Prouty and Glenn (1954) and 
Glenn and Prouty (1954). 

Additives. Citric acid was added at the rate of 0.15 
per cent. Sodium citrate was added in an amount in 
which the citrate radical was equivalent to 0.15 per 
cent citric acid. These are the amounts usually added 
when this practice is employed commercially. Lactic 
acid was added in an amount sufficient to provide the 
same pH level as that of the milk to which citric acid 
was added. These additions were made to the pas- 
teurized nonfat milk immediately prior to inoculation 
with the starter culture. 

Culturing. A 1-liter portion of fresh nonfat milk, in a 
2-liter flask, was heated in flowing steam for 45 minutes, 
cooled to 22 C and inoculated at the 0.1 per cent level 
with a culture which had been incubating at 22 C during 
the preceding 24 to 30 hours. The inoculation was made 
late at night, and with the small amount used the 
culture was at the proper stage for observation 10 to 
12 hours later, thus permitting maximum convenience 
in relation to time for the subsequent observations. A 
sample was taken for analysis immediately after 
inoculation. Beginning at 10 hours after inoculation, 
samples were taken at 1-hour intervals during the 
following 10 hours. This permitted a coverage of the 
period in which the most important developments of 
the fermentation occurred. An additional sample was 
examined at the end of 35 hours of incubation. A 
temperature of 22 C was maintained throughout the 
period of observation. 

Analytical procedure. Observations at each sampling 
period included plate counts for L. citrovorum and 
total bacterial flora, and determinations of pH value 
and acetylmethylearbinol plus biacetyl content. 

L. citrovorum count. The count of this species was 
made by a method described by Prouty and Glenn 
(1954). This consisted of a plate culture method 
using a medium capable of supporting the growth of 
L. citrovorum but not that of S. cremoris. 

Total count. The total count was considered to consist 
entirely of S. cremoris and L. citrovorum and was made 
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by the plate method using a tomato juice-peptonized 
milk agar as described by Turner and Nelson (1951). 
Both species grew well on this medium. 
was at 26 to 27 C for 5 days. 
Acetylmethylcarbinol plus biacetyl. The acetylmethy]- 
varbinol plus biacetyl content was determined by using 
the method proposed by King (1948) as modified by 
Beutler (1951). This analysis makes use of the Evelyn 
Photoelectric Colorimeter with a 540 my filter and 
standard biacetyl curves for determining the milligrams 
of acetylmethylearbinol plus biacetyl per 100 g of the 
sample. The analysis was made on a 4.0 g sample. 


Incubation 


RESULTS AND DISCUSSION 


Because the results using the two buttermilk starter 
cultures followed the same general pattern, only the 
data from trials in which the Hs starter were used are 
presented. These represent the averages of four separate 
trials. Data of plate counts of both Leuconostoc citro- 
vorum and total bacterial flora are presented as log- 
arithmic averages. 

L. citrovorum. Data showing the growth of L. citro- 
vorum throughout the course of the fermentation are 
presented in figure At the observation period 10 
hours after inoculation, the numbers of this species 
were of a similar magnitude in all samples. The more 
rapid rate of growth in the samples to which citric 
and lactic acids had been added was evident early in 
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Fic. 1. Effeet of citric acid, sodium citrate and lactie acid 
on the numbers of Leuconostoc citrovorum. 
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Fic. 2. Effect of citric acid, sodium citrate 
on pH value. 


, and lactic acid 


the subsequent observation periods and this trend 
increased for the next several hours. 

The increased rate of growth of this species in these 
samples appears to have been associated with the 
lower pH levels, as shown in figure 2, these being 5.62 
and 5.60 respectively at the time of inoculation as 
compared to 6.68 and 6.57 for the sodium citrate- 
treated and control samples. The samples to which 
citric acid was added maintained the lowest pH level 
at all of the observation periods. At the first sampling 
period (10-hour period) these had an average pH of 
5.12 as compared to 5.39, 6.15 and 6.04 respectively for 
the samples treated with lactic acid, sodium citrate 
and the control. At the 18-hour period the samples 
treated with lactic acid, sodium citrate and the control 
had reached the common pH level of 4.45 with little or 
no further change occurring beyond this point. After 
the fermentation was in progress, the samples to which 
citric acid was added maintained a lower pH level in 
ach instance than did the other samples. 

By direct microscopic examinations of pure cultures 
of biacetyl producing organisms, in fixed pH environ- 
ments ranging from 5.5 to 4.4, Cox (1945) concluded 
that the lowered pH levels had a retarding effect on 
the rate of growth of the organisms. In the present 
study, the fermentations which started at the lower 
pH level produced greater numbers of L. citrovorum 
than did the fermentations starting at the higher pH 
level. However, the lowest initial pH level of the cul- 
tures used in thie study was approximately the same 
as the highest pH level used by Cox. It is very likely 
that the pH level of 5.62 to 5.5 more nearly approxi- 
mated an optimum pH environment for the biacetyl- 
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Fig. 3. Effect of citric acid, sodium citrate, and lactic acid 
on the total bacterial flora (Leuconostoc citrovorum plus Strep- 


tococcus cremoris). 


producing organisms than did the higher or lower levels. 
Total bacteria. Data showing total bacterial growth 
throughout the course of the fermentation are presented 
in figure 3. S. cremoris constituted the vast majority 
of the bacterial population in this association. At the 
10-hour observation period this species made up ap- 
proximately 98 to 99 per cent of the flora of all samples. 
As the fermentation progressed to the point where 
the pH value reached a constant level the numbers 
increased, after which they remained relatively con- 
stant. Maximum numbers were present in the sodium 
citrate-treated samples followed closely by the controls, 
being 45 to 60 per cent greater than in the citric and 
lactic acid-treated samples. The greater numbers 
associated with these samples were attributed to the 
higher initial pH values which served to extend favor- 
able growth conditions over a longer period of time, 
particularly for S 
Comparison of L. citrovorum and total numbers. At 
the 10-hour observation period L. citrovorum made up 
from 1.0 to 2.0 per cent of the bacterial population. 
As the fermentation progressed this percentage in- 
creased, the increase being greater in the samples 
to which citric and lactic acids were added. At the 24- 
hour period these percentages for the samples treated 
with citric acid, lactic acid, sodium citrate and the 
control were 11.0, 9.4, 2.9 and 3.5 respectively. 


. cremoris. 
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Acetylmethylcarbinol plus biacetyl. Data showing 


levels of acetylmethylearbinol plus biacetyl are 
presented in figure ‘4. The production of these com- 
pounds, at all observation periods, was highest in the 
samples to which citric acid had been added, and except 
for the final observation period, the lactic acid-treated 
samples were next. 

The increased production of acetylmethylearbinol, 
plus biacetyl in these samples, undoubtedly was 
favored by the lower pH levels. Michaelian et al. (1938) 
and Cox (1945) showed that a definite relation exists 
between the production of these compounds and the 
pH level of the fermenting milk, greater production 
occurring within limits, at the lower pH levels. 

In addition to providing a lower and more favorable 
PH level to the fermenting milk, the added citric acid 
increased the substrate for the production of these 
compounds. This may have attributed to the higher 
acetylmethylearbinol plus biacetyl values, particularly 
as they prevailed toward the end of the observation 
period in the citric acid-treated samples. 

It will be noted from figure 4 that, while the pro- 
duction of acetylmethylearbinol plus biacety]l in the 
lactic acid-treated samples began sooner and proceeded 
at a slightly faster rate than in the sodium citrate- 
treated and control samples, the rate of decline in the 
production of these compounds was rapid and rela- 
tively abrupt. Michaelian e¢ al. (1938) found that when 
milk was acidified with lactic acid and then inoculated 
with the citric acid fermenting streptococci the yields 
of acetylmethylearbinol plus biacetyl were lower than 
when other acids were used. They suggested that the 
frequent failure to obtain a high yield of these com- 
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Fig. 4. Effect of citric acid, sodium citrate, and lactic acid 
on the production of acetylmethylearbinol plus biacetyl. 
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pounds with culture of citric acid fermenting strepto- 
cocci may be due to the relatively unfavorable charac- 
ter of lactic acid. 

The addition of sodium citrate exerted a small stimu- 
lating effect upon the production of acetylmethyl- 
carbinol plus biacetyl, the values for these compounds 
being somewhat higher, throughout the course of the 
fermentation, than the control samples. Compared with 
the samples to which citric acid was added, a lag period 
of two to three hours developed in the production of 
acetylmethylearbinol plus biacetyl. Apparently, this 
was associated with the relatively high pH level re- 
sulting from the use of sodium citrate as an additive. 
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SUMMARY 

A study was made of the effects of adding citric acid, 
sodium citrate, and lactic acid on the numerical rela- 
tionships of Leuconostoc citrovorum and Streptococcus 
cremoris as these species developed throughout the 
course of the fermentation and as they were associated 
with changing levels of pH and acetylmethylearbinol 
plus biacetyl. 

The greater numbers of L. citrovorum were present 
in the samples to which citric acid and lactic acid had 
been added. On the other hand, the greatest numbers 
of S. cremoris were present in the control and sodium 
citrate-treated samples. These trends were apparent 
relatively early in the fermentation process. 

The percentage relationship of L. citrovorum to S. 
cremoris decreased during the early period of the 
fermentation process and then increased following 
coagulation of the milk, and was considerably higher 
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in the samples to which citric and lactic acid. wer 
added. 

The production rate of acetylmethylearbinc: ply 
biacetyl was greatest in the citric acid-treated sa nples 
Except toward the end of the observation period, the 
sample treated with lactic acid gave the next greates 
production of these compounds. The addition of sodiuy 
citrate exerted a small stimulating effect upoi the 
production of acetylmethylearbinol plus biacety|. 
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The demonstration by Grénwall and Ingleman (1944, 
1945) that a satisfactory plasma extender could be 
obtained from the dextran produced from sucrose by 
cultures of Leuconostoc mesenteroides greatly stimulated 
research on bacterial polysaccharides. The work on 
dextran from Leuconostoc mesenteroides eventually led 
to the commercial production of a good quality plasma 
substitute (clinical dextran) which is now used ex- 
tensively by the military. The extender is prepared by 
partial hydrolysis of the high-molecular-weight  poly- 
saccharide and subsequent methanol fractionation of 
the hydrolyzed product to obtain a material ranging 
in molecular weight from 25,000 to 200,000 (Hines 
e al., 1953). This clinical dextran may be used to 
maintain the blood volume of a patient suffering severe 
loss of blood by virtue of its high colloid osmotic 
pressure. The dextran is gradually excreted in the urine 
and is replaced by newly-synthesized plasma proteins. 

In the present study, a large number of polysac- 
charide-producing organisms were investigated in the 
hope of finding an organism which produced directly a 
material of molecular size suitable for use as a plasma 
extender. The necessity of hydrolysis, which is one of 
the primary disadvantages in clinical dextran prepara- 
tion, would thereby be eliminated. Those cultures 
which passed a preliminary screening were subjected 
to further examination. Solvent fractionations and 
molecular weight determinations were carried out, and 
polysaccharide synthesis by one strain was studied in 
detail in an attempt to find conditions favorable for 
the production of high yields of polysaccharide of the 
required size. Both growing cultures and cell-free sys- 
tems were examined. The effect of addition of low- 
molecular-weight polysaccharide as “acceptor mole- 
cules” or “primer” (Tsuchiya et al., 1953) was of 
particular interest. 

MATERIALS AND METHODS 
Screening 

Preliminary selection. Kighty-eight aerobes producing 
at least 5 mg of polysaccharide per ml of broth were 
selected from 850 soil isolates by workers in the De- 
partment of Bacteriology. A semisynthetic medium 

! Published with the approval of the Director of the Wis- 


consin Agricultural Experiment Station. Supported in part by 
2 grant from the Office of Naval Research. 


(medium 1-A) and salts medium (medium 2-A) were 
employed. The composition of these media is given in 
table 1. 

Polysaccharide production and large-pore dialysis. 
After 2 to 3 transfers of a culture on agar slants, dupli- 
cate 25 x 200 mm test tubes containing 10 ml of one 
of the two media were loop-inoculated and incubated 
on a rotary shaker. An incubation temperature of 30 
C was used for slants and tubes. After an incubation 
time of 9 or 24 hours, the broth was centrifuged to 
remove cells and any insoluble polysaccharide which 
might be present. The supernatant was then dialyzed 
for 96 hours against running water at 10 C or below 
through a large-pore membrane prepared in the follow- 
ing way: One layer of cheesecloth (36 x 44-mesh gauze) 
was fastened with a rubber band over the end of a 
stainless steel cylinder, 54 mm in diameter. The cov- 
ered end was immersed in a solution containing 2 per 
cent agar and 10 per cent gelatin at 70 to 80 C. After 
dipping, the tube was allowed to drain at an angle of 
about 45 degrees until the dripping rate was one drop 
every two seconds. The tube was placed in the cold for 
5 minutes to allow the gelatin to set, and was then 
ready for use. The agar and gelatin concentrations 
were such that molecules slightly smaller than clinical 
dextran would not pass the membrane. Therefore, the 
undialyzed fraction should contain all molecules in the 
size range from just below clinical dextran size to very 
large molecules. The pore size of such membranes may 
be increased somewhat by decreasing the relative gela- 
tin concentration. 

Viscosity and osmotic pressure determinations. Rela- 
tive viscosity measurements were performed on sam- 
ples which contained at least 2 mg of polysaccharide per 
ml after dialysis. Determinations were made with a 2- 
ml Ostwald viscometer at 37.5 C. Those samples which 
had a viscosity quotient? of 0.85 or less were concen- 
trated under reduced pressure to a concentration of at 
least 1.5 per cent for osmotic pressure determinations. 

The osmotic pressures of the samples were deter- 
mined with the apparatus shown in figure 1. After the 
cellophane membrane had been soaked in water for 1 


2 Viscosity quotient = 


In relative viscosity 





concentration in g solute per 100 g solution 
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TABLE 1 
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Substance Amount/100 ml medium 





Medium 1-A 




















BMEID Seon Spud adn cebicwr shes ecs sides 5.0 g 
Difco Casamino acids............ ; in 2 
EN Oa ce cto ue 50. mg 
ME 6 2p tecictninc uwieenlenW sw wis 50. mg 
pui-tryptophane................... 40. mg 
SNES OS work a wou ah exe cde doce 20. mg 
OE ae a 20. mg 
FeSO,-7H,O........ ees Men aR 1.0 mg 
ES ooo iG Oe is/in wiside esis 2 6 1.0 mg 
hg onc hdd wa% 1.0 mg 
Adenine-SO,.... 1.7 mg 
OSS ae ; 1.2 mg 
re Sa ae Sera ee 1.0 mg 
a 20. ug 
NN rN ie ein oig hs xs wh wb Sacks 20. wg 
NIE ied 56 ce ie aie eo eben be 20. ug 
Calcium pantothenate............. 20. ug 
Pyridoxal-HCl......... Sn en 40. ug 
p-Aminobenzoic acid.................. 4.0 ug 
7 aS 2.0 ug 
ee 0.02 ug 
SEE 580g iA is Sawin ews b vee 0.02 ug 
Medium 2-A 
NS ee eee 5.0 g 
Difco Casamino Acids................ 50. mg 
NazHPO, Lee ee eee ee ee eee eee ees 0.75 £ 
ORO RS Sari Sc dS ch tine wicca 0.25 g 
K.SO,-7H20. Beir ts fetta tls ogee kl rash Wea eo | 100. mg 
ED i Sos ons Soe Sewn es 10. mg 
Een, Os cial Puls SS vious 1 mg 
Oo) OSes eet er 0.1 mg 
Medium 2-B 

Ee enone kk wink caddy enneke 10.0 g 
REND erie width ws ce oie on inom wes | 0.5 g 
EMD Nee os eis tp 5.5 wis a's Sw odes . 2.0 g 
US LE : 20.0 mg 
| eee ne 1.0 mg 
ETD esc sess. cis ap nine Saws 1.0 mg 





The pH was adjusted to 6.7 before autoclaving. 


to 2 hours it was placed over the osmometer cup and 
held in place by the aluminum washer which is fastened 
to the cup by 3 screws. One ml of a polysaccharide 
solution was then placed in the cup through the hole 
in the top, followed by enough Skellysolve C (a high- 
boiling petroleum ether) to fill the remaining space. 
Next, the bushing holding the capillary was screwed 
into place and any excess Skellysolve C removed from 
the capillary. The osmometer was submerged in water 
containing 1 per cent phenol so that only the glass 
capillary was above the surface. The osmometer was 
kept in this bath in a 25 C room until the height of 
the Skellysolve C in the capillary remained constant 
(about 4 to 5 days). A water blank was included with 
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Fig. 1. Osmometer 


each determination, and the difference in height. be- 
tween the sample and the blank was taken as the os- 
motic pressure in mm of Skellysolve C. The phenol 
prevented bacterial growth in the osmometers. 


Fermentation and Enzymatic Procedures 


Growth of organisms. Fermentations were carried out 
in 500-ml Erlenmeyer flasks containing 100 ml of 
medium and incubated on a rotary shaker at 25 or 
30 C. Inoculum for these flasks was taken from liquid 
cultures grown under the same conditions but on a 
smaller scale. 

Growth was assayed turbidimetrically. The per cent 
transmission at 660 my was determined in an Evelyn 
colorimeter for crude broth diluted 1 to 20 with dis- 
tilled water, and growth was expressed as the optical 
density of the diluted broth. Another indication of the 
amount of growth was given by the pH change. 

Enzyme preparations. Extracellular enzyme prepara- 
tions were obtained from broths of strain 248 by 
centrifugation at 14,000 g for 20 minutes in an Inter- 
national centrifuge at 0 C. After the supernatant had 
been adjusted to a pH of 5.5 to 5.7, a drop of toluene 
was added, and the preparation was stored in a re- 
frigerator. The material was used within 10 days. 
During this time no activity loss occurred. 

Yeast invertase was prepared by adding 15 ml of 
water to the contents of one envelope (7.3 g) of Red 
Star active dry yeast and allowing the mixture to stand 
at room temperature for 30 minutes, after which time 
2 ml of ethyl acetate were added. The mixture was 
stirred for one minute and then allowed to stand 20 
minutes. Finally, 10 ml of water were added, the cells 
removed by centrifugation, and the supernatant re- 
tained as the source of invertase. 


Analytical Procedures 


Total carbohydrate analysis. Total carbohydrate was 
determined by a modification of the anthrone method 
of Koehler (1952). Two-ml samples of aqueous solution 
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containing from 5 to 50 wg carbohydrate per ml were 
© pipetied into matched 18 x 150-mm test tubes. Stand- 
ard tubes of glucose and fructose solutions (about 20 
) mg of glucose or fructose per ml) and distilled water 


RE ae Ea 


ler 


© blanks were included. Five ml of anthrone reagent, 


prepared by dissolving 1.5 g anthrone in 1 liter of 

' concentrated sulfuric acid (C.P.), were then added 
rapidly to each tube from an automatic, syringe-type 
pipet. The mixture was immediately mixed by vigorous 
shaking and placed in a cool water bath to prevent the 
heat of the solution from developing the color un- 
evenly. As soon as all the tubes were so treated, they 
were immersed in boiling water for 6 minutes to develop 
color, then placed immediately in cool water and al- 
lowed to come to room temperature. Per cent transmis- 
sion at 620 my was determined in an Evelyn color- 
imeter. When only levan was present in the samples, 
the glucose control was omitted and the heating time 
was decreased to 2 minutes. 

Measurement of polysaccharide and per cent ‘‘high- 
molecular-weight” material. Direct measurement of the 
polysaccharide present in fermentation broths was 
carried out in the following manner: A strip of Eaton- 
Dikeman No. 613 filter paper, one-half inch wide, was 
marked off in 3-cem sections. A 5- to 50-ul sample of 
centrifuged broth was pipetted on to the center of each 
section. For total polysaccharide determination, the 
dried filter paper was immersed in 2 liters of methanol 
(90 per cent by volume) for 15 minutes. During this 
period, residual sucrose, reducing sugars, and some low- 
molecular-weight oligosaccharides were eluted from the 
paper. The strip was rinsed for five minutes in a second 
bottle of 90 per cent methanol and finally dried. The 
sections were then cut apart, and each one was placed 
ina 16 x 150-mm test tube. Approximately 0.1 x HCl 
was added in 4- or 8-ml aliquots, depending upon the 
amount of polysaccharide on the paper. From the same 
strip, sections containing no broth were cut and treated 
with HCl for blanks and standards. For a standard, 
2 ml of fructose solution containing 40.5 wg per ml and 
2 ml of approximately 0.2 n HCl were used. When 
elution volumes were doubled for samples, blanks and 
standards were adjusted accordingly. After elution of 
polysaccharide had proceeded 10 minutes, 2 ml of 
eluate were removed for anthrone analysis. 

When zero per cent methanol (that is, pure water) 
is used to elute polysaccharide, some polysaccharide 
still appears in the HC! eluate. This is termed ‘“‘high- 
molecular-weight”’ polysaccharide. Determination of 
this material is identical with that just described except 
in the initial elution step. 

Reducing sugar and sucrose determinations. Reducing 
sugars were determined by the method of Shaffer and 
Somogyi (1933). When this analysis was applied to 
fermentation broths, a correction was made for volatile 
reducing material (probably acetoin). This correction 
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factor was determined by distilling an aliquot of broth 
and determining the reducing power of the distillate as 
“slucose’’. Sucrose was estimated by subtracting this 
corrected reducing sugar value and the polysaccharide 
value from the total carbohydrate value. 


Physical Chemical Methods 


Paper chromatography. The solvent system for paper 
chromatograms was water-butanol-pyridine in the 
volume ratio 3:6:4. Development was carried out at 
37 C with downflow technique. Mono- and disaccharides 
were detected with a 5 per cent ammoniacal silver 
nitrate spray, and the anthrone spray of Johanson 
(1953) was used to detect levan. For quantitative esti- 
mation, levan was eluted from the appropriate paper 
sections with 0.1 nN HCl, while water was used as eluant 
for the mono- and disaccharides. Approximately 90 
per cent recoveries were obtained. 

Polysaccharide purification and fractionation. Sepa- 
ration of polysaccharide from fermentation broths was 
accomplished by first heating the cell-free extract in a 
boiling water bath to destroy enzymes and then dialyz- 
ing the material in cellophane bags against distilled 
water at 4 C for 48 hours. Large volumes were con- 
centrated in vacuo after dialysis. When dried product 
was desired, 9 volumes of methanol were added to the 
dialysate to precipitate the polysaccharide. The pre- 
cipitate was then dried in a vacuum oven or desiccator 
at 50 C. When exact concentrations of material were 
not required, it was convenient to precipitate the 
polysaccharide before dialysis. 

Methanol fractionations were carried out at 0 C by 
gradual addition from a burette of increasing incre- 
ments of methanol to a series of test tubes containing 
equal volumes of 5 per cent polysaccharide solutions. 
After methanol addition, the tubes were centrifuged at 
0 C in a refrigerated centrifuge to precipitate any 
suspended material. The supernatants were assayed for 
carbohydrate by the anthrone method. Plots of per 
cent’ polysaccharide in supernatant against volume 
per cent methanol were made. No correction was made 
for the volume shrinkage which occurs when methanol 
and water are mixed. 


RESULTS 
Screening Procedure 


The screening procedure described in the previous 
section was designed to select aerobic microorganisms 
which produce polysaccharides meeting the following 
requirements: 1) Polysaccharide yields must be at 
least 5 mg per ml of broth. 2) At least 2 mg of polysac- 
charide (of molecular size near, or somewhat greater 
than, that of clinical dextran) per ml must be present 
after large-pore dialysis. 3) The ratio of the osmotic 
pressure to the viscosity quotient (“‘R”’ value) of the 
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TABLE 2. Characteristics of selected polysaccharides 


. | Viscosity | 
Sample | Quotient | Rt 
| | 
== 
A5.... 0.53 | 204 
248... eet | 0.51 168 
1605 a | 0.85 | 300 
1624 0.66 | 155 
6227 | 0.58 | 156 
6472 ree | 0.35 | 160 
6718 A, 0.43 277 
English Dextran (Tell No. 51002) 0.290 | 165 
Swedish Dextran (Macrodex No. 6793A) 0.175 | 254 
American Dextran (C. 8. 84688A) 0.267 256 


Plasma (approximate calculated values) 0.053 | 1300 


f ‘ ; In (relative viscosity) 
* Viscosity quotient = 


Osmotic pressure 
TR. = =. : 


Viscosity quotient 


polysaccharide should be greater than 150. Polysac- 
charides meeting these requirements should be large 
enough to be retained in the blood stream, and it should 
be possible to inject solutions sufficiently concentrated 
to maintain a colloid osmotic pressure similar to that 
obtained with clinical dextrans without increasing the 
blood viscosity excessively. 

From the 850 isolated cultures, seven were selected 
which passed all these tests. A comparison of “R” 
values and viscosity quotients of the screened poly- 
saccharides and clinical dextrans is given in table 2. 
Since the viscosity quotients are considerably higher 
than those of the dextrans, it might be supposed that a 
considerable number of relatively large molecules are 
present in the polysaccharide preparations. Such mole- 
cules would not only limit the concentration of extender 
which could be used, but would also have no appreci- 
able colloid osmotic pressure. In order to prepare a 
suitable plasma extender from one of these materials 
it would be necessary to find some means for removing 
these large molecules. Some idea of the amount of such 
material present can be obtained by measuring the 
percentage “high-molecular-weight” polysaccharide 
with the elution technique described previously. 

One of the cultures selected by the screen, number 
284 (which produces a polysaccharide that is non- 
antigenic in the guinea pig), was chosen for detailed 
studies in which an attempt was made to find favorable 
conditions for the production of high yields of poly- 
saccharide in the desired molecular-weight range. 
Polysaccharide synthesis in growing cultures and in 
cell-free systems was examined. Physical chemical 
studies of polysaccharide from several of the selected 
cultures were carried out. 


Polysaccharide Synthesis in Growing Cultures 


Growth and polysaccharide production on various 
media. Because medium 1-A upon which strain 248 was 


concentration in g per 100 g soln. 
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TABLE 3. Polysaccharide production on two media 


Medium* | Growth Time | ae pH Grov. th} 
hr mg/ml 

1-A 24 6.7 5.6 0.24 

33 10.5 0.23 

48 9.9 5.6 0.28 

1-B 24 12.0 5.6 0.24 

33 14.3 0.24 

48 13.9 4.1 0.26 


* The composition of medium 1-A is shown in table | 
Medium 1-B is the same as 1-A except the vitamins, purines 
and pyrimidines have been omitted. Incubation was at 25 ( 
on a rotary shaker. 

} Growth is expressed as optical density of a cell suspension 
diluted 1 to 20 with distilled water. 


first isolated is rather complex, a simpler medium was 
sought. The data of table 3 indicate that more poly- 
saccharide was produced on medium 1-B (medium 
1-A without any vitamins, purines or pyrimidines) 
than on medium 1-A. Likewise, medium 2-B (see 
table 1) was found to give results comparable to 
those obtained with 1-B. 

Composition of 248 polysaccharide. To identify the 
sugar which constituted 248 polysaccharide, two 
types of experiments were carried out. Koehler (1952) 
has reported that the anthrone reaction rate with a 
given carbohydrate is characteristic of its composition. 
In figure 2 the anthrone reaction rate curves of glucose, 
fructose, and purified 248 polysaccharide are com- 
pared. The reaction rate for 248 polysaccharide closely 
resembles that for fructose. Furthermore, a paper 
chromatogram of an acid hydrolysate of the purified 
polysaccharide revealed a single spot corresponding to 
fructose. Had glucose been present at a concentration 
of more than 8 per cent of the total, it would have been 
detected. It was concluded, therefore, that 248 poly- 
saccharide is predominantly, if not completely, a 
fructose polymer, or levan. Subsequent identification of 
strain 248 as a variety of Bacillus subtilis supported 
these findings, since this organism characteristically 
produces a levan which consists of D-fructofuranose 
units linked predominantly in the 2 and 6 positions 
(Hibbert and Brauns, 1931). The energy for formation 
of these linkages appears to arise directly from the 
glucose-fructose bond of sucrose without the inter- 
mediation of hexose phosphates (Hestrin and Avineri- 
Shapiro, 1944, and Duodoroff and O’Neal, 1945). 


Evidence that Bacillus subtilis levan contains a very 
small amount of glucose in its structure (about 0.4 
per cent) has been presented by Palmer (1951). Poly- 
saccharides from the other screened cultures exhibited 
anthrone reaction rates similar to this levan. 

Effect of inoculum on levan synthesis. Figure 3 demon- 
strates the importance of the amount of inoculum on 
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the ultimate production of levan. This experiment 
was carried out with medium 1-A at an incubation 
temperature of 30 C. It will be noted that the optimal 
inoculum concentration was at 2 per cent. The max- . 
imum levan yield was 56 per cent of the theoretical —— 
value. LEVAN (AS FRUCTOSE) 
MG PER ML * 
| Le 
x 
mn 
5.0 B ? 
‘ oH 
249 
2, 
ttn, 
0.75 - te» e 
™ 4 
OPTICAL 
DENSITY i 
2.5 4 
0.50 - GLUCOSE 
FRUCTOSE , 
T 
j 25 50 
x TIME IN HOURS 
0.25-4 Fic. 4. Rate of levan synthesis with various inocula. Curve 
A, 2 per cent inoculum; curve B, 0.1 per cent inoculum plus 
2 per cent centrifuged broth; curve C, 0.1 per cent inoculum 
plus 2 per cent centrifuged broth (boiled); curve D, 0.1 per 
cent inoculum. Medium 2-B was used, and incubation was at 
30° C on a rotary shaker. 
; r Comparison of curves A and D in figure 4 reveals 
5 10 


HEATING TIME IN MINUTES 


Fig. 2. Anthrone reaction rate curves. The concentration 
of the fructose and glucose solutions was 20.2 wg per ml. Optical 
density of the anthrone-carbohydrate reaction mixture was 
measured at 620 mu with an Evelyn colorimeter. 
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PERCENT INOCULUM 


Fig. 3. The effect of inoculum on levan synthesis. Medium 
2-13 was used for this experiment, and incubation was at 30° C 
ou a rotary shaker. After 24 hours the broths were assayed for 
levan by the elution method. 


that even with extended incubation times the levan 
synthesis in the cultures with 0.1 per cent inoculum 
never attained the value observed when 2 per cent 
inoculum was used. Addition to the 0.1 per cent inocu- 
lum of an amount of preformed levan (primer) equiv- 
alent to that present in the 2 per cent inoculum did 
not resolve this difference (curve B). Moreover, an 
amount of primer plus enzyme (centrifuged enzyme) 
equivalent to that in the 0.1 per cent inoculum added 
with 0.1 per cent inoculum was likewise insufficient 
(curve C). Therefore, while enzyme and primer are 
important, the presence of the larger number of cells 
is required to produce the complete effect. This sug- 
gests that a relatively high concentration of cells is 
required to utilize the glucose produced during levan 
synthesis: 


n sucrose + levan + n glucose 


If, as has been suggested by Doudoroff and O’Neal 
(1945), this reaction is reversible, the consequent rapid 
removal of glucose will drive the above reaction far to 
the right. Moreover, as will be shown later, glucose 
may act as an inhibitor of levan synthesis. Conse- 
quently, the removal of glucose by cells may con- 
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TABLE 4. Influence of temperature on levan 
growing cultures of strain 248 


production by 





25C 30C 

Time | Reduc- | Levan High- Bi | Reduc- Levan High- hi al 
ing | (as mol-wt : — | ing as mol-wt : ss % 
sugar fructose)! levan deon* | sugar | fructose)) levan eme* 

/ % of % of 

hr mg/ml | mg/ml total mg/ml | mg/ml satel 
24 27.0 9.3 24.6 | 0.32 5.8 6.8 25.6 | 0.33 
48 15.8 9.0 34.6 | 0.42 | 12.4 3.2 48.7 | 0.52 

72 10.6 | 6.2 | 46.9 


0.64 8.0 0.4 


* Viscosity quotient = 
In (relative viscosity) 


concentration in g solute per 100 g solution 


ceivably affect levan synthesis favorably by decreasing 
this inhibition. 

Effect of incubation temperature. Considerable differ- 
ence in fermentation behavior was noted when incuba- 
tion temperature was varied by 5 C. As shown in table 
4, strain 248 incubated in medium 1-A produced more 
levan at 25 than at 30 C. A marked difference in sucrose 
utilization at the two temperatures is reflected by the 
appearance and disappearance of reducing sugars in the 
two fermentations. These data indicate that the lower 
temperature is much more favorable for levan produc- 
tion. 

The “high-molecular-weight”’ fraction, as determined 
by the elution method described previously, increases 
as the fermentation continues beyond 24 hours. The 
effect was more apparent at 30 C. The increase in the 
percentage of this fraction reflects a more rapid de- 
crease in the “lower-molecular-weight”’ levan, since it 
is accompanied by a decrease in total polysaccharide. 
Measurements of the viscosity quotient of the total 
levan in the broth indicated the same trend. There- 
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fore, in order to get maximum yields of levan of lower 
molecular weight, the fermentation must be stopped 
before this degradation process begins. It is not known, 
of course, what fraction of this “lower-molecilar. 
weight”’ levan is of desired molecular size. 

General characteristics of a fermentation of strain 248. 
Figure 5 illustrates the important changes occurriig in 
a fermentation by strain 248 on 2-B (6 per cent su- 
crose) medium. It will be noted that a decline in poly- 
saccharide begins at about the same time that the 
sucrose is exhausted. It may be seen also that the ap- 
pearance of large amounts of reducing sugar during 
levan synthesis is followed by a utilization of reducing 
sugar corresponding to a decreased rate of sucrose 
breakdown and a leveling-off in levan production. 


Levan Production in Cell-Free Systems 


Mechanisms for levan breakdown. The decrease in 
levan concentration noted in the later stages of a 
fermentation has also been noted in cell-free systems. 
Addition of purified levan to centrifuged broths which 
were free of sucrose resulted in the disappearance of 
levan and the appearance of reducing sugar. Three 
mechanisms may be suggested for this breakdown: 1) 
There may be a reversal of levan synthesis followed by 
sucrose inversion: 


n glucose + (CgHwOs5), = n sucrose 
— n glucose + n fructose 


2) Alternatively, levan may be broken down directly 
to reducing sugar, or 3) small oligolevans may be 
formed and subsequently hydrolyzed to fructose. The 
term oligolevans, as applied here, refers to levan mole- 
cules so small that they do not appear as polysaccharide 
in the elution assay. 
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Fic. 5. Chemical changes during fermentation of 2-B (6 per cent sucrose) medium by strain 248. Incubation was on a rotary shaker 
at 25° C. Analyses were made as described under Experimental Methods. 
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TaBLeE 5. Relative enzyme activities of cell-free extracts* 
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4.5 5.0 5.5 6.0 6.5 

pH 

Fic. 6. pH optima for levan breakdown systems. Incuba- 
tion of reaction mixtures was at 30° C. The enzyme prepara- 
tion was made from a culture of strain 248 on 2-B (6 per cent 
sucrose) medium after 42 hours’ incubation on a rotary shaker 
at 25° C. Levan hydrolysis was measured both by decrease in 
Jevan concentration and by increase in reducing sugar concen- 
tration. Initial levan concentration was 14.6 mg (as hexose) 
per ml. 


In order to determine whether more than one en- 
zyme was involved in this “levanhydrolase” reaction, 
the pH optima for levan disappearance and reducing 
sugar formation were determined simultaneously. The 
reaction mixture consisted of 4.0 ml of enzyme solu- 
tion, 0.5 ml of a solution of purified levan containing 
14.6 mg (as hexose) per ml, and 0.5 ml of distilled water. 
Adjustment of pH was made with concentrated H;PO; 
or 5 N NaOH. The enzyme preparation was made from 
a culture of strain 248 grown on 2-B (6 per cent sucrose) 
medium for 42 hours. It can be seen from figure 5 that 
the sucrose concentration was negligible at this time 
so that further synthesis of levan should not interfere. 

Figure 6 demonstrates a pH optimum of 6.0 for 
levan disappearance and an optimum of 5.5 for reduc- 
ing sugar formation. It may be concluded that at least 
two enzymes are involved in over-all levan hydrolysis, 
and that either the reverse-synthesis mechanism or the 
formation of oligolevans may be involved, while direct 
fructose formation from levan cannot be the sole means 
of breakdown. 

Reactions competing with levan synthesis. The observa- 
tion that during levan synthesis a quantity of reducing 
sugar was produced which considerably exceeded that 
which could be accounted for by the supposed synthesis 
mechanism led to a consideration of possible com- 
peting reactions. In this regard an examination of 
the relative activities of the various enzyme systems 
during different stages of a fermentation is of interest. 
Table 5 provides data for the comparison of the levan 
synthesis, reducing sugar production, and levan break- 
down caused by enzyme preparations made from 
samples taken at three different times during a fer- 


Approximate Levanhy- 


Increase in |, Increase in | drolase Activity 


| “Excess” 
aa Levan Total | : 
Timet Concen Reducin Sl a BREE aaah, 
a g € | - 
tration | Sugar | Sugar} | Levan — 
| decrease increase 
hr mg/ml mg/ml mg/ml mg/ml mg/ml 
20 19.2 53.1 33.9 2.6 2.6 
29 14.8 47.5 32.7 3.0 2.8 
43 15.3 45.0 29.7 1.0 | Ee 


* Prepared from fermentations on 2-B (6 per cent sucrose) 
medium. Reaction mixtures were adjusted to pH 5.5 and 
incubated for 24 hours at 30 C. The changes in concentration 
of the various carbohydrate substances during this period were 
taken as measures of the various enzyme activities. 

7 Age of the fermentation broths from which the enzyme 
preparations were made. 

t Difference between total reducing sugar and the change in 
levan concentration. 





mentation. The approximate levanhydrolase activity 
was measured as before, but 0.5 ml of yeast invertase 
preparation was first added to the 4.0 ml of enzyme and 
incubated for a period of time sufficient to invert all 
residual sucrose. The invertase preparation did not 
hydrolyze the levan. After sucrose inversion, 0.5 ml of 
levan solution was added and the assay continued as 
usual. Although the age of the broth had little or no 
effect upon the relative activities, some interesting 
relationships between the different activities may be 
seen from the data. 

If the only mechanism for levan breakdown is that 
of reverse synthesis, the value for ‘“levanhydrolase”’ 
activity has no meaning. In this case the reducing sugar 
produced in excess of that produced in synthesis arises 
solely from the action of sucrose. However, if levan is 
broken down by a hydrolytic mechanism, the amount 
of levan disappearing must be considered in evaluating 
total levan synthesis, while the reducing sugar pro- 
duced by hydrolysis of levan and oligolevan must be 
considered as part of any “excess” reducing sugar. 

It can readily be seen that even if the “levanhy- 
drolase’’ action is considered, a large percentage of the 
sucrose has been broken down to reducing sugar by 
some other means. The following explanations may be 
considered for this behavior: 1) Sucrose action is 
responsible for the excess. 2) Large quantities of oligo- 
levans which cannot be detected in elution analysis 
may have been synthesized, and the glucose arising 
from their synthesis accounts for the excess. 3) The 
formation of fructose by hydrolysis of oligolevans may 
provide some of the extra reducing sugar. 4) A combi- 
nation of these processes is responsible. 

No matter by what mechanism the “excess” reducing 
sugar is formed, the sucrose from which it came is no 
longer available for levan synthesis. Therefore, in 
order to obtain high levan yields, this sucrose loss must 
be held to a minimum. The pH of the reaction mixture 





w 
NG 
(94) 


JAMES R. 


30 





MG (AS HEXOSE) 
PER ML 














T T T ' 
4.5 5.0 5.5 6.0 6.5 


pH 
Fic. 7. Effect of pH on levan synthesis and competing re- 
actions. The enzyme preparation was made from 2-B (6 per 
cent sucrose) broth after 20 hours’ incubation for 24 hours at 
30° C. One-half ‘‘excess’’ reducing sugar is used as a measure 
of the sucrose lost in reactions competing with levan synthesis. 


and the addition of primer are two factors which in- 
fluence the relative rates of sucrose utilization by the 
levan-synthesis and the competing sucrose-splitting 
reaction. 

The relative rates of these two reactions at different 
pH values are compared in figure 7. Rates are expressed 
as the relative increase in levan and one-half the 
“excess” reducing sugar respectively. The pH optimum 
for the synthesis reaction appears to be somewhere 
between 5.4 and 5.7 while that for the competing re- 
action is in the vicinity of 5.7 to 6.0. The most favorable 
ratio of levan synthesis to sucrose splitting seems to 
be in the region of pH 5.3 to 5.5. 

The effect of primer on levan synthesis and competing 
reactions. The effect of primer in enzymatic levan syn- 
thesis appears to hold considerable promise both for 
increasing yields and for controlling the molecular 
weight of the polysaccharide. The second aspect will 
be considered later. It was observed in preliminary 
experiments that enzyme preparations obtained from 
different fermentations containing increasing sucrose 
concentrations synthesized increasing amounts of 
levan. The possibility that this increased activity was 
due, at least in part, to the presence of increasing 
amounts of primer in the centrifuged extracts was 
tested in the following manner: Enzyme preparations 
were made from 3 fermentations on 2-B medium which 
contained respectively 2, 6, and 10 per cent sucrose 
and were incubated for 24 hours at 25 C. Primer was 
obtained by heating a 3.3-ml aliquot of the centrifuged 
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[Von § 
TABLE 6. Effect of primer on levan synthesis 
Sucrose Content! Ensyme puparation 
of Medium | j ‘ 
| Initial levan | Levan synthesized 

per cent | 4 hr 21 hr 45 
2.0 3.0 2.0 8.5 18.1 
2.0 12.97 4.1 28.1 30.4) 
6.0 11.4 3.7 19.2 | 24.4 
10.0 19.5 Lay 23.4 38.0) 


* Enzymatic preparations were made after 24 hours’ incuba. 
tion of the 2-B media at 25 C. Enzymatic reaction mixiures 
consisted of 3.5 ml of enzyme preparation and 0.5 g sucrose. 
The pH was adjusted to 5.5, and incubation was at 30 C. Levan 
values are expressed as mg of fructose per ml. 

7 Initial levan concentration increased by the addition of g 
primer polysaccharide preparation from the 6 per cent sucrose 
broth. 


broth from the 6 per cent sucrose fermentation for 5 
minutes in a boiling water bath to destroy enzyme, 
followed by precipitation of levan with 9 volumes of 
methanol and subsequent drying of the precipitate. 
Enzymatic reaction mixtures were made which con- 
sisted of 3.5 ml enzyme preparation and 0.5 g sucrose. 
Primer was added to one of the mixtures containing 
enzyme from the 2 per cent sucrose medium. The re- 
action mixtures were all adjusted to pH 5.5 and in- 
cubated at 30 C. The changes in polysaccharide con- 
centration are recorded in table 6. These data indicate 
that primer greatly stimulates levan production. 

Further examination of this effect indicated that 
increasing amounts of added primer not only caused 
greater levan production, but diminished the amount 
of “‘excess’”’ reducing sugar formed as well. Therefore, 
enzymatic reaction mixtures similar to that used in the 
previous experiment (2 per cent sucrose medium) were 
prepared, and increasing amounts of primer were 
added to them. 

Table 7 compares the values obtained, either by 
direct assay or estimation, for carbohydrate sub- 
stances in the reaction mixtures with the corresponding 
values obtained directly after paper-chromatographic 
separation (see experimental methods). The spots for 
sucrose, glucose, and fructose were eluted and analyzed 
by the anthrone method. Although glucose and fructose 
were poorly resolved in this chromatogram, the general 
tendency for fructose concentration to decrease and 
glucose concentration to increase with increase in 
primer concentration can be noted. This behavior of 
glucose and fructose of course reflects respectively the 
increase in levan synthesis and the decrease in sucrose 
disappearance by a competing reaction previously 
mentioned. 


It was observed in experiments similar to that just 
described that the primer effect was not as marked 
when the pH of the broth was somewhat lower at the 
end of fermentation step than the usual value of 6.0. 
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' Taste 7. Analyses for carbohydrates in reaction mixtures and 


after chromatographic separation 


All values expressed as hexose in mg per ml 


e127 |. lanl 
3/3 |3 [23] g 
Analyse 2/3 gi:%1 3 
‘ eee S\|%e| os |ee|/%/1 2) g 
2 B33 13318/83| 28) 8 
a oY | o"|] 6 |wt| & z 2 
Fe & |e ajc |e |e | o 
4.2 On mixture 98 .0)55.0,18.8/36.2|24 .2 is 
After chr. sep. 83.1/44.1/17.4/26.7/21 .6|22.7/21 .4 
| 
12.1 On mixture 105 .0)58 .0/33.4 24 .6)13.6) — | - 
After chr. sep. 97 .8/52 5/30 .5)22 .0)14.8)26.3/26.2 
19.8 On mixture 112.0158 .0)46.0/12.0) 8.0 
After chr. sep. 101 .0|39.2/49.0) — |12.4/13.6)25.6 
95.5 On mixture 120.0158 .0)58.4! O 3.6 
After chr. sep. 105.0)43.2/56.0; — | 6. 


2} 8.0/35.2 


* “Excess”? reducing sugar is the difference between the 
total reducing sugar value and the value for levan. 

} Residual sucrose values were estimated in the mixtures by 
subtracting the values for levan and total reducing sugar from 
total carbohydrate values. 

The enzymatic preparation was obtained from 2-B (2 per 
cent sucrose) medium after 20 hours’ incubation at 25 C. 
Primer was obtained from 2-B (6 per cent sucrose) medium 
after 24 hours’ incubation at 25 C. Enzymatic reaction mixtures 
consisted of 4.0 ml enzyme solution, 0.5 g sucrose, and primer 
solution in varying amounts. Total volume was 5.0 ml. The pH 
was 5.5. Assays were made after 24 hours’ incubation at 30 C. 


Since it was considered possible that the pH optimum 
for synthesis of levansucrose is greater than 6.0, the 
effect of primer was tested again, but a medium which 
maintained a pH value greater than 6.0 was substi- 
tuted for medium 2-B. This new medium (3-A) was 
the same as 2-B except that (1) ammonium ion from 
ammonium nitrate replaces the ammonium ion of an 
equivalent amount of ammonium sulfate, and (2) the 
pH was adjusted to 7.0 instead of 6.8 before autoclav- 
ing. The pH was 6.6 after 23 hours’ incubation. It 
was found that appreciably smaller amounts of primer 
were required to achieve an effect equivalent to that 
observed previously. 

Effects of added reducing sugars on enzymatic activity. 
Attempts to inhibit selectively the enzyme system 
which produces “‘excess” reducing sugar by addition of 
glucose or fructose proved unsuccessful. Varying 
amounts of glucose or fructose were added to reaction 
mixtures consisting of 0.5 g of sucrose and 4.0 ml en- 
zyme prepared from a 42-hour-old culture of strain 248 
grown on 2-B (6 per cent sucrose). The final volume 
of each of the mixtures was 5.0 ml and the pH was 5.5. 
The data of table 8 indicate that glucose inhibited 
both levan synthesis and the competing reaction, but 
fructose inhibited slightly only the synthesis. It is 
obvious that addition of neither sugar selectively re- 
tards the competing reaction. 
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TABLE 8. Effect of glucose and fructose on enzyme activity 





Per Cent Inhibition 


Added Hexose 2 ae 
One-half ‘‘excess”’ 


reducing sugar Levan synthesis 


mg/ml 
Glucose 
Wea a : Mee eR ee 0 0 
10.2. eT TET 9.4 3.9 
40.8. end ee a Ca | 32.5 41.3 
ee ike xa 50.0 67.0 
Fructose 
[eee ee Ecmuipitoal 0 16.1 
2 ey tf 0 re 
RE atte wars tee at 4.5 





Initial sucrose concentration (as hexose) in the reaction 
mixture was 105 mg per ml. Assays for enzymatic activity were 
made after 24 hours’ incubation at 30 C. The reaction mixtures 
consisted of 4.0 ml enzyme preparation, 0.5 g sucrose, and 
solutions of glucose or fructose to a total volume of 5.0 ml. The 
pH was 5.5. 


Effect of pH on stability to heat. Figure 8 is an illustra- 
tion of an attempt to denature selectively the enzyme 
system which produces ‘excess’ reducing sugar by 
heating the enzyme extract at different pH values. 
The enzymatic reaction mixture consisted of 4.0 ml of 
enzyme solution, 0.2 ml of an 0.8 per cent primer 
solution, and 1.0 ml of a 50-per cent sucrose solution. 
Desired pH values were obtained by addition of phos- 
phoric acid or sodium hydroxide. The tubes were 
heated for 30 seconds without mixing and immediately 
placed in cold water to prevent further denaturation. 
The pH of each solution was then adjusted to 5.5, and 
the tubes were incubated for 24 hours at 30 C. It is 
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Fig. 8. Effect of pH on stability to heat. 5.2 ml of reaction 
mixture were heated in 18 x 150-mm Pyrex test tubes for 30 
seconds in a boiling water bath without mixing. The tubes were 
then placed in a cold water bath. Enzymatic assays were per- 
formed after 24 hours’ incubation at 30° C. All samples were 
adjusted to pH 5.5 prior to incubation. 
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apparent that both enzyme systems were most stable 
at pH 5.0. The enzyme system producing “excess” 
reducing sugar was almost completely inactivated by 
heating at pH 4.0, while 30 per cent of the levan- 
synthesizing activity still remained. 


Physical Chemical Studies 


Results of light-scattering experiments. The determi- 
nation of molecular weights by the light-scattering 
method of Debye (1947) was found to be unreliable 
for the levan preparations obtained in this study be- 
cause the complete removal of very high molecular- 
weight material from analytical fractions was not ac- 
complished. In order to apply this method, there must 
be no particles larger than 1449 the wavelength of the 
light used. When such particles are present, the method 
of Zimm (1948a, 1948b) must be used. The latter 
technique was applied to levan fractions whose pre- 
cipitation and dialysis behavior strongly indicated an 
average molecular weight of about 10,000 for the bulk 
of the material, but the weight-average molecular 
weight observed was about 50,000. It was concluded 
from the results of this and other similar experiments 
that either the fractions were contaminated by a small 
amount of very high-molecular-weight material, pos- 
sibly protein, which was not removed by high speed 
centrifugation, or else some of the smaller particles in 
the solution formed large agglomerates. It follows, 
therefore, that neither method gives a reliable indica- 
tion of the size of the bulk of the material. Since no 
good alternative method was available at the time of 
this work, only a qualitative indication of molecular 
weights could be obtained by the use of solvent frac- 
tionation and large-pore dialysis. 

Fractionation studies. An examination of the pre- 
cipitation behavior of a levan gives an indication of its 
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Fic. 9. Methanol precipitation of polysaccharide from 
strain 6718. Precipitation was carried out at 0° C. A 5 per cent 
solution was used. Residual polysaccharide was determined 
by the anthrone method. 
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TABLE 9. Large-scale polysaccharide production 





Culture 


Nicauer Growth Time Growth* pH 1 bd 
hr g 
Ad... 32.5 0.16 5.9 37.4 
1624 41.0 0.27 5.4 is 
6718 18.0 0.086 6.0 | 39.4 


diluted 1 to 20 with distilled water. 
} The theoretical yield of dry product was 99.5 g. 


homogeneity. When a precipitant such as methanol js 
used, it may be expected that, in general, high-molec- 
ular-weight material is precipitated by relatively low 
methanol concentrations, while the more soluble ma- 
terial requires the addition of greater amounts of 
methanol. Hence, a methanol fractionation curve in 
which the concentration of unprecipitated levan is 
plotted against methanol concentration (per cent by 
volume) is useful in estimating the range of the relative 
molecular weights of the levan molecules and the per- 
centages of these molecules within a given molecular 
weight range. 

Figure 9 illustrates a typical methanol fractionation 
of a crude levan. The fractionation was carried out at 
0 C on levan prepared from a culture of strain 6718 
grown on medium 2-B (10 per cent sucrose). The 
material appears to have a fairly wide molecular- 
weight range, but it may be divided up into two rather 
heterogeneous fractions. The first of these precipitates 
at about 60 per cent methanol and contains relatively 
high-molecular-weight material. The percentage of 
this first fraction corresponds roughly to the percentage 
of levan which cannot be eluted from filter paper by 
water in 15 minutes. The weight-average molecular 
weight for this fraction, as obtained by the method of 
Zimm (1948a, 1948b) was about 1.8 & 10®. The second 
fraction appears to contain molecules with a wide 
range of molecular weights. 

The cultures which were selected by the screening 
procedure were tested for “high-molecular-weight” 
fraction by the elution method. Those cultures which 
produced the highest yields of levan and the lowest 
percentage of “high-molecular-weight”’ levan on me- 
dium 2-B (10 per cent sucrose) were selected for large- 
scale production and fractionation studies. For each 
culture, 21 individual fermentation flasks were pre- 
pared in the usual manner and inoculated simul- 
taneously. After a suitable fermentation period, the 
broths were pooled and the levan purified as described 
previously. The results of this experiment are recorded 
in table 9. The fractionation curves of these polysac- 
charides were found to be very similar to each other 
(figure 9). It was concluded that none of these cultures 
produced predominantly a single homogeneous frac- 
tion under the given conditions. 
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Fig. 10. Solubility of methanol-precipitated levan from 
strain 248. Levan was prepared from a fermentation by strain 
248 on 1-A (6 per cent sucrose) medium. 


In order to reproduce a fractionation it is essential 
to carefully control temperature, levan concentration, 


rate of methanol addition, and the rate of mixing of 


the solution. Particular care should be taken to insure 
temperature control. If methanol is added rapidly, or 
if mixing is inadequate, localized high concentrations 
of methanol may form sticky masses of levan of molec- 


| ular weight lower than that desired in the given frac- 


tion being prepared. Since such masses are redissolved 
with difficulty, the precipitated fraction may be con- 
taminated by this material. Other solvents such as 
dioxane, acetone, and isopropyl alcohol do not appear 
to be as satisfactory for fractionation as methanol, in 
as much as the latter causes a much more gradual pre- 
cipitation of levan than do these other solvents. 

The use of methanol as a levan precipitant appears 
to cause some retrogradation or agglomeration of 
levan, for it has been observed that polysaccharide 
precipitated by 90 per cent methanol will not redissolve 
completely in water. In figure 10, the solubility of 
previously precipitated levan from strain 248 is shown. 
A water-insoluble fraction amounting to 8.75 per cent 
of the total levan remains undissolved. Subsequent 
methanol precipitation and redissolving of this new 
levan solution revealed the formation of a second in- 
soluble portion. This behavior has been noted with 
levans from a number of the different bacterial strains. 
If similar retrogradation takes place to a limited extent 
in aqueous solutions, the abnormally high molecular 
weights obtained by the Zimm method might be ex- 
plained. 

Effect of primer and high sucrose concentrations on 
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molecular weight. Since it appears from fractionation 
experiments that none of the bacterial strains which 
passed the screen produce large homogeneous levan 
fractions in normal fermentation, attention was turned 
to cell-free preparations because they have fewer 
variables and can be more rigidly controlled. Of primary 
interest are the effects of added primer which not only 
increases the rate of formation and final yield of levan, 
but also alters the molecular weight distribution. 

An example of the effect of primer on molecular 
weight is illustrated in figure 11. The polysaccharide 
for these experiments was produced by an enzyme 
preparation from a culture of strain 248 incubated on 
3-A (2 per cent sucrose) medium for 22 hours at 25 C. 
Both reaction mixtures had a sucrose concentration of 
10 per cent. To one of them primer was added to the 
amount of 2.41 per cent. The pH was adjusted to 5.5 
and the tubes were incubated at 30 C for 36 hours. 
During this period, 96 per cent of the sucrose was 
utilized in each reaction mixture. A levan yield of 
59.6 per cent was obtained when primer was present, 
compared to a 44 per cent yield obtained when no 
primer was added. 

The primer was synthesized by an enzyme prepara- 
tion made from 2-B (2 per cent sucrose) broth after 22 
hours’ incubation at 25 C. An initial sucrose concentra- 
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Fira. 11. Fractionation of 248 levan synthesized with and 
without primer. Fractionations were performed at 0° C. Levan 
in the supernatant was determined by anthrone assay. 
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tion of 44 per cent was used in order to decrease the 
size of the levan. During purification 30.2 per cent of 
this material was lost through dialysis, and was there- 
fore of low molecular weight. From the remaining levan, 
the fraction precipitating between 77 and 90 per cent 
methanol, which was assumed to be of lowest molecular 
weight, was retained for use as primer. Since the rate 
of dialysis of this material through a large-pore mem- 
brane was somewhat greater than the rate for a dextran 
fraction known to possess a weight-average molecular 
weight of 11,000, it was assumed that the primer pos- 
sessed an average molecular weight somewhat lower 
than this value. 

It is apparent that the levan produced in the presence 
of primer consists predominantly (to the extent of 80 
per cent) of one fraction, precipitated between 67.5 
and 76 per cent methanol. On the other hand, when 
primer is not included, it can be seen that the syn- 
thesized levan possesses several fractions and contains 
more material of high molecular weight, as indicated 
by the precipitation at lower methanol concentrations. 

It seems probable that the molecular weight of poly- 
saccharide could be controlled fairly well by proper 
regulation of sucrose concentration, primer concentra- 
tion, and primer molecular weight. Furthermore, if 
the enzyme system which produced polysaccharide 
synthesis can be separated from the competing system, 
much higher yields of levan should be obtainable. 


SUMMARY 


A screening procedure is described which was de- 
signed to select bacterial strains capable of producing 
polysaccharides displaying the properties required of 
suitable plasma extenders. From 850 random soil 
isolates, 7 strains were selected which produced rela- 
tively large amounts of polysaccharide of molecular 
size as large as, or greater than, clinical dextrans, and 
which displayed ratios of osmotic pressure to viscosity 
quotient, that is, In relative viscosity/concentration, 
near those of clinical dextrans. 

One of the selected culture, number 248, was identi- 
fied as a strain of Bacillus subtilis, which produces levan 
by an extracellular mechanism. An inoculum concentra- 
tion optimum for the production of levan in growing 
cultures of this strain was observed. This effect. re- 
quires the presence of an optimal concentration of 
intact cells. 

Two primary types of enzymatic activity were noted 
in cell-free extracts from cultures of strain 248—levan 
synthesis and a competing reaction which forms a 
large amount of reducing sugar in excess of the glucose 
expected as a result of synthesis by the mechanism: 


n sucrose <> (CgHwOs5), + n glucose 


A minor percentage of the ‘“‘excess”’ reducing sugar may 
be accounted for by a third type of reaction in which 


JAMES R. MATTOON ET AL. 


‘ 
re as nendeadeal 


VOL, } 


% 
i 


M4 hh; “c ’ 4 
levan is slowly degraded. This “levanhydrolase” « 


a 
...% ° 4 
tivity appears to involve at least two enzymes. Pop 
sible mechanisms of these reactions are proposed ay 
their interrelationships discussed. 


The most favorable ratio of the rate of levan gyf 


| / 


thesis to the rate of the primary competing reactiy 
appears to occur between pH 5.4 and pH 5.7. Added 


glucose was found to inhibit both the levan-syaithesf 


reaction and the formation of “excess” reducing sugy 
to the same degree. Fructose showed no appreciab) 
inhibition of either reaction even at very high conce. 
trations. 

It is possible at pH 4.0 to destroy almost complete) 
the activity of the enzyme system producing “excess 
reducing sugar, while still retaining 30 per cent of th 
synthesis activity, by heating 5-ml volumes in a boi. 
ing-water bath for 30 seconds. Both enzyme systens 
were most stable to heat at pH 5.0. 

It was not possible in this study to obtain leva 
samples which were entirely free of very large particles 
These particles caused weight-average  molecula 
weight, as determined by light scattering, to be so high 
that no reliable indication of the average molecular 
weight for the bulk of the sample could be obtained. 

Methanol fractionation of polysaccharides produced 
by several selected cultures always revealed the pres 
ence of significant amounts of polysaccharide of very 
high molecular weight. The remainder of the polysae. 
charide consisted of particles apparently varying widely 
in molecular weight. Methanol precipitation of levan 
appears to cause about 9 per cent of the material ti 
retrograde. 

The addition of preformed levan acceptor molecule: 
(primer) to a levan-synthesizing system accelerate: 
synthesis, increases final levan yield, and effects th 
production of a high percentage of relatively homoge. 
neous product, with respect to molecular weight. 
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The literature on the virucidal activity of various 
chemical agents has been recently reviewed by Dun- 
ham (1954). Many of the reports are fragmentary and 
widely scattered, and the data available were obtained 
under a wide variety of conditions of test. 

This study was undertaken to compare the virucidal 
activities of representative, commonly employed, anti- 
infective agents against two dissimilar viruses under the 
same experimental conditions. Because viruses them- 
selves lack demonstrable metabolic activity, the 
methods employed were based primarily upon the 
phenol coefficient method (Reddish, 1954). Vaccinia 
virus and influenza A virus were chosen as the two 
test viruses because of their biological dissimilarity and 
the quantity of information available about them. 


MATERIALS AND METHODS 


Preparation of viral inocula. Influenza A virus. The 
PR-8 strain of influenza A virus was maintained by 
serial passage of 0.2 ml amounts of dilute inocula 
(10-4 to 10-7) in the allantoic cavity of chicken em- 
bryos in the tenth or eleventh day of embryonic de- 
velopment. Eggs were incubated at 36 C for 40 hours 
after infection, and all viable eggs were chilled in the 
refrigerator (8 ©) overnight before collection of al- 
lantoie fluid. Dead embryos were discarded. Infected 
allantoic fluids were pooled and enough inactivated 
(56 C for 30 minutes) normal horse serum was added to 
make a final concentration of 20 per cent. The inoculum 

‘This investigation was supported by a grant-in-aid from 
the A. C. Barnes Co., and by funds provided by the Rutgers 
tesearch and Endowment Foundation. 


was then distributed in 2.0-ml. amounts into ampuls 
which were stored at —70 C (in a dry ice chest). One 
frozen ampul from each pooled inoculum was thawed 
and titrated for infectivity in eggs before that inoculum 
was used in virucidal tests. Vaccinia virus. The New 
York City Board of Health strain of vaccinia virus 
was maintained by serial passage of 0.2-ml amounts of 
diluted virus (10-* to 10-*) on the chorioallantoic mem- 
brane of 10- to 11-day chicken embryos. The creation 
of the false air sac in the eggs was greatly facilitated 
by the use of the Vir-Tis egg punch.’ The infected eggs 
were incubated for 4 days at 36 C. Chorioallantoic 
membranes showing well-developed pocks were re- 
moved, pooled, and homogenized in saline to make a 
10 per cent suspension by weight. The suspension was 
clarified by centrifugation, and sufficient inactivated 
normal horse serum was added to make 20 per cent 
by volume. The pooled inoculum was then distributed 
into ampuls and stored at —70 C as described above. 

Infectivity titrations in embryonated eggs. Serial deci- 
mal dilutions of inocula or virus-agent mixtures were 
made in physiological saline and 0.2-ml amounts of 
each dilution were inoculated into groups of 6 to 10 
eggs each. Influenza A virus. Eggs inoculated with 
influenza A virus into the allantoic cavity were incu- 
bated for 48 hours at 36 C. All viable eggs were chilled 
overnight at 8 C before collection of allantoic fluid. 
Dead embryos were discarded. The presence or absence 
of viral hemagglutinin in allantoic fluids from individ- 
ual eggs was used to indicate that infection and viral 


2 Virtis Co., Yonkers, New York. 
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TABLE 1. Virucidal activity of representative antiinfective agents for the p 
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Influenza A | Vaccinia } of liv ing 
i =f. Active ingredients y | Tempera- | ipicomeie | Control* Testi | Result§ | Control | Test . | Result aie 
| ture, °C | log IDsot | log IDs | | log IDs | log IDs |  jnoculat 
Ben —<——-| — S$ — | —_\_———_— = mar 
Acriflavine (neu- | 8-6-diamino 2 | 2.0% $$| 6.1 6.5 | neg. | — = - §& chorioal 
tral) | 10-methyl-acridinium chlo- 37 2.0% 6.2 4.8 | weak | 6.8 5.4 | weak BB The « 
ride | | ; 
. Se ee ee a, a See fae oe : undilute 
Actinomycin | Actinomycin (25 Bacillus | 25 | 40 ug/ml 6.6 6.8 | neg - — - F&F olution 
cereus units/ug 37 | «40 ug/ml — — | 6.5 5.2 weak F. : 
eae . ot SS Se a Immedi 
Argyrol | Silver-protein complex | 37 | 5.0% 8:0 | 8.5 | neg. | 6.6 3.8 | weak § minutes 
| 37 1.0% — — | = | 6.6 5.7 | neg. ie 
i ae ewe a ed ee —_F the mis 
Brilliant green | Tetraethyldiamino 23 | 10% 6.6 n.i.g comp. — | — ; 10-8, aa 
Triphenylearbinol 2 | 0.1% 6.6 ni. | comp. | 6.8 | 5.5 | weak 4] 
Sulfate | 26 | 0.01% 6.1 6.3 | neg. — | — : describ 
2 eS ie |= oe annir 
Crystal violet | Methylrosaniline chloride |} 26 | 1.0% 6.6 2.4 | str. 6.8 1.5 | str. “a 
(2 ihe eee Se nee ce j——____ : eg s 
Duponol C Anionic detergent | 26 | 1.0% 6.0 1.6 | str. } — = of 3m 
| 26 0.2% 6.6 5.4. | weak 6.8 0.4 | str. ; 
— | 2 ____ the so 
Ethyl alcohol Ethyl] alcohol | 25 | 70% 7.0 ni. comp. 70 | @2 | -str. propri: 
| 25 | 35% 7.0 4.6 | weak | — — 
| 2 | 4% 7.0 7.3 | neg. 
Formaldehyde | Formaldehyde 26 | 1.0% 7.2 ni. comp. | 6.5 | ni. comp. 
| 26 0.1% he: 2.8 str. 6.5 5.3 weak Dat 
9 79 “4 > ~_ a | 
a int Paces ak. — c 3.8 str. Oe | __ = repres 
Igepon AP-78 Sodium isethionate (anionic| 26 | 1.0% | 6.0 5.3 neg. | 8 0.8 | str. table 
detergent) 27 0.25% 6.6 | 5.9 neg. ; — ; — - a 
i eee =) eS ae eee was ¢ 
Isopropyl alco- | Isopropyl alcohol 26 99.0% | 7.2 | ni. comp. 6.8 | <0.1 | str. c 
hol 26 48.5% | Wie ¢ sre. comp. 6.8 0.3 | str 
Lugol’s Solution | Iodine 25 5.0% f — {| — — | 6.8 <0.1 str. 
25 1.0% 7.2 ni comp. | 6.8 | <0.1 | str. 
Corrosive sub- | Mercurie chloride 25 0.1% 7.4 comp os. | ma | comp 
limate | 25 | 0.05% 7.4 nl. | comp. | — | — | — 
| 25 | 0.02% 7.4 0.4 str. ; oo— | - 
Phenol | Carbolic acid | 20 | 2.0% 7.4 | ni. | comp. | 6.4 n.i. comp. 
|; 2 | 1.0% 6.0 n.i. | comp. — = 
Phenolor | 13.0% orthophenylphenol | 25 | 1.0% 6.6 ni. | comp. 6.7 n.i. comp. 
13.0% soap | 25 | 0.5% 7.4 0.1 | str. -— — | - 
3.8% isopropyl alcohol 2 | 0.2% 7.4 0.3 | str. - — | — 
70.2% inert ingredients ‘| 
Sodium oleate | Sodium oleate 2 | Ol 7.2 ni. | comp. | 6.8 | ni. | comp. vact 
| 26 | 0.01 m 7.2 0.4 | str. | 6.8 <o.4 | str. 
= ao ee oN Bh aa WE Se belie cen’ 
Zephiran Mixture of high molecular 26 | 0.1% 6.6 3.5 str. 6.5 | 3.7 | weak per 
alkyldimethyl-benzy! am- | | } ail 
monium chlorides cat- | ; & 
ionic detergent) cen 
Zonite Sodium hypochlorite 25 6.0% — -— | — | 68 | <o1 | str -" 
25 3.0% 6.6 n.i comp. 6.5 0.3 | str cer 
25 1.5% 6.6 n.i comp 6.5 3.0 str bot 
25 0.6% 6.6 2.5 str. — — — 
5 5 : —— = eee ——— gre 
* Incubated 10 minutes in saline. N 
+ IDso = 50% infective titer of mixture for eggs. = 
t Incubated 10 minutes with test agent. Al 
§ Neg. = negative or inactivation of less than 90% of virus; weak = inactivation of from 90 to 99.9% of virus; comp. =com ff an 
plete or viral inoculum rendered noninfective at the maximum tolerated dose of the agent for eggs and in all higher dilutions of ag 
the mixture tested; str. = strong or inactivation of more than 99.9% of the virus (that is, a reduction of >10% IDs5o of virus). 
§ n.i. = Mixture was noninfective under conditions of test. 
multiplication had occurred. Hemagglutination tests were candled daily for 6 days after inoculation. Em- C 
were performed as described by Hirst (1942) and bryos that died within 24 hours after inoculation were 8 
modified by Salk (1948). Vaccinia virus. Eggs inoculated discarded. Thereafter, dead embryos and embryos still 
with vaccinia virus onto the chorioallantoic membrane living on the 6th day after inoculation were examined 
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for the presence of typical pocks on the chorioallantoic 
» membrane. The presence of pocks on the chorioallantois 
© of living or dead embryos was used as the criterion of 


x 


j infection. Embryos that died 3 or more days after 


inoculation without the formation of pocks on the 
' chorioallantois were discarded. 


The contact-dilution test. One-half ml amounts of 


' undiluted viral inoculum were added to 5.0 ml of the 
» solution to be tested and to 5.0 ml of saline, respectively. 


‘Immediately following an incubation period of 10 


minutes at room temperature or in a 37 C water bath, 
' the mixture was diluted in serial 10-fold steps through 


10-8, and each dilution was subinoculated into eggs as 
described By appropriate scheduling and 
planning, dilution of each mixture and inoculation of 
eggs with the mixture was completed within a period 
of 3 minutes without difficulty. The viral inocula and 
the solutions to be tested were adjusted to the ap- 
propriate temperatures before mixing 7n vitro. 


above. 


RESULTS 


Data summarizing the virucidal activities of 17 
representative antiinfective agents are presented in 
table 1. For comparative purposes virucidal activity 
was divided into four categories, namely: 

complete (comp.) = viral inoculum rendered non- 
infective at the maximum tolerated dose of the 
agent for eggs and in all higher dilutions of the 
mixture tested. 

strong (str.) = inactivation of more than 99.9 per 
cent of the virus (that is, a reduction of > 10° 
IDs of virus). 

weak (weak) = inactivation of from 90 to 99.9 
per cent of virus. 

negative (neg.) = inactivation of less than 90 per 
cent of virus. 

The data indicate that: (a) both influenza A and 
vaccinia viruses were rendered noninfective by 1.0 per 
cent formaldehyde, 0.1 per cent mercuric chloride, 2.0 
per cent phenol, 1.0 per cent Phenolor,’ and 0.1 m 
sodium oleate; (b) 1.0 per cent crystal violet, 1.0 per 
cent Duponol C,‘ 70 per cent ethanol, 48.5 per cent 
isopropanol, 1.0 per cent Lugol’s solution, and 1.5 per 
cent Zonite’ inactivated more than 99.9 per cent of 
both influenza A and vaccinia viruses; and (c) brilliant 
green was found to be more effective against influenza 
A virus than against vaccinia virus whereas Igepon 
AP-78° was more effective against vaccinia virus than 
against influenza A virus. 

The most troublesome problem encountered was the 


3K. R. Squibb & Sons, Div. Olin-Matheison Chemical 
Corp., New Brunswick, N. J. 

4E. I. du Pont de Nemours & Co., Inc., Wilmington, 
Delaware. 
5 Zonite Products Corp., New Brunswick, N. J. 
6 General Dyestuff Corp., N. Y. C., N. Y. 
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toxicity of the various preparations tested for eggs. 
Thus, any chorioallantoic membrane inoculated with 
vaccinia virus which showed a lesion that resembled a 
true pock was regarded as infected. Further, many 
preparations could not be properly evaluated for 
virucidal activity because the embryos were killed by 
them. On the other hand, it was impossible to determine 
without extensive investigation whether or not a 
preparation was injuring the cells of the membrane 
sufficiently and in such a manner as to prevent adsorp- 
tion or penetration of virus. Nor could the absence of 
viral hemagglutinin or typical pocks on the membrane 
be considered as proof of the complete absence of viable 
virus in the mixture. Consequently the data presented 
here must be regarded as comparative only and in- 
terpreted within the limits of the procedures employed. 


DISCUSSION 


Many investigators have used influenza A virus or 
vaccinia virus to study the virucidal activity of several 
types of antiinfective agents (Dunham and MacNeal, 
1942, 1943, and 1944; Klein et al., 1945; Klein and 
Stevens, 1945; Klein et al., 1948; Krueger, 1942; Stock 
and Francis, 1940; and Wagner, 1951). Despite the 
fact that a variety of methods were employed in these 
studies, there is, in those instances where the same 
preparations were tested by different investigators, 
general agreement among them and with the data 
presented here. 

The problem of autointerference in detecting small 
quantities of infective virus in the presence of inactive 
virus has been emphasized by Henle (1950). Auto- 
interference has not been reported to be associated 
with vaccinia virus multiplying in the chorioallantoic 
membrane. However, the Henles (1947) have shown 
that preliminary injection of approximately 0.0031 ml 
(or 0.2 ml of a 1/64 dilution) of influenza B virus, pre- 
viously irradiated with ultraviolet light for 3 minutes, 
prevented the growth of subsequently inoculated virus. 
Thus, it is possible that some active influenza virus 
may still be present in mixtures which yield no hemag- 
glutinin after inoculation into the allantoic cavity. 
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SUMMARY 


A comparison of the virucidal activity of seventeen 
selected preparations was made against influenza A 
and vaccinia viruses. Under similar experimental con- 
ditions, crystal violet, Duponol C, ethanol, formalde- 
hyde, isopropanol, Lugol’s solution mercuric chloride, 
phenol, Phenolor, sodium oleate, and Zonite were 
capable of reducing the infectivity titer of both viruses 
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by more than 99.9 per cent. Brilliant green was more 


effective against influenza A virus than against vac- 
cinia virus, whereas Igepon AP-78 was more effective 
against vaccinia virus than against influenza A virus. 
The limitations of the experimental method were 
discussed. ; 
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One of the principal difficulties in synthesis of corti- 
sone and hydrocortisone is the introduction of oxygen 
at carbon-11 of the steroid molecule. It has been 
demonstrated by the Upjohn group that an oxygen 
function at carbon-11 can be introduced microbiologi- 
cally by members of the Mucorales (Eppstein et al., 
1953a; Eppstein ef al., 1953b; Meister et al., 1953a, 
1953b; Murray and Peterson, 1952; Peterson et al., 
1952; Peterson and Murray, 1952; Peterson et al., 
1953a; Peterson et al., 1953b), by species of Penicillium 
(Murray and Peterson, 1953a) and by species of 
Aspergillus (Murray and Peterson, 1953b). Fried et al. 
(1952) have also demonstrated that Aspergillus niger 
introduces a hydroxyl with the alpha configuration at 
carbon-11 of progesterone, 17a-hydroxyprogesterone 
and 11-desoxy-17-hydroxycorticosterone (Reichstein’s 
substance 8). 

All of the organisms noted in the above citations, 
with the exception of Cunninghamella blakesleeana, 
introduce a hydroxyl with the alpha configuration at 
carbon-11. C. blakesleeana is capable of 118-hydroxyla- 


tion at carbon-11. Other organisms reported to be 
capable of introducing a hydroxyl with the beta con- 
figuration at carbon-11 are Streptomyces fradiae (Col- 
ingsworth et al., 1953; Haines and Colingsworth, 1953) 
and strains of Curvularia (Shull and Kita, 1953). 

In addition to hydroxylations at carbon-11, a number 
of other oxygenations are known. The above cited 
papers plus those of Arnaudi (1951, 1954), Perlman 
et al. (1952) and Meystre (1954, 1955) may be con- 
sulted for the organisms used and the products obtained 
from the various steroid substrates. 

The present communication reports the results of 
testing a large number of Aspergilli and Penicillia for 
ability to transform progesterone and Reichstein’s 
substance $ and particularly for ability to introduce 
an oxygen function at carbon-11 of progesterone. 


MATERIALS AND METHODS 


The cultures used in this study are deposited in the 
Merck Culture Collection. The Aspergillus and Pen/- 
cillium species are arranged according to the schemes 
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1: nol. fof Thom and Raper (1946) and Raper and Thom (1949). 
i n addition to the identified cultures, a large number 
action f¢ jsolates from natural sources representing both 


~“N0-Rvenera have been tested. The results obtained with 
n obs ‘these isolates agree with those obtained with identified 


Virus, Fecultures. 
Cultures for testing were grown at 28 C until good 


19S ‘sporulation was obtained on potato dextrose agar sup- 
1d a e 

- plemented with yeast extract and malt extract each at 
- IMm- 


5g per liter or on a medium containing glucose 20 g, 
ts o, & N-Z-Amine 20 g, yeast extract 2 g, malt extract 2 g, 
). and agar 25 g per liter of distilled H.O. Ten ml of 
‘ants, F sterile distilled water were added to each sporulated 
ues slant culture, the spores were washed or scraped free, 
Iving | and 2 ml of this suspension was used to inoculate 250- 
rials. | ml Erlenmeyer flasks containing 50 ml of medium. The 
medium used routinely contained cerelose 50 g, edamine 
20 g, and corn steep liquor 5 ml per liter of distilled 
H.O (Murray and Peterson, 1952). The pH was ad- 
eng | justed to 6.5 before autoclaving at 15 pounds pressure 
and | for 17 minutes. Other media have been used experi- 
and — mentally and had been found to be as adequate as this 
cerelose-edamine medium. The compositions of two 
such media are listed in a later section. The results 
supporting the generalizations made in this paper were 
obtained principally through use of the cerelose- 
edamine medium. 

The inoculated flasks were ineubated at 28 C on 
rotary shakers moving at 220 rpm and describing a 
circle 1.5 inches in diameter. After good growth oc- 
curred, routinely 24 to 48 hours, 10 mg of steroid in 
214 ml of propylene glycol were charged to each flask. 
The flasks were replaced on the shakers for further 
incubation and removed for analysis at the desired 
time. Because monohydroxylations were being sought, 
the incubation following steroid charge was usually 24 
be — hours. This length of incubation was chosen after pre- 
m- | liminary experimentation and later experiments had 
ol- shown it to be quite adequate. Many cultures have 
3) been incubated with the steroid for longer periods, 
however, in order to study polyhydroxylation. 


ution 


Ted., 


er For assay, the 50 ml of whole broth was homogen- 
ed ized in a Waring blendor for one minute and the 
un broth extracted with two 25-ml portions of chloroform. 
n- The chloroform extracts were combined, taken to dry- 
d ness at room temperature and the dried extract taken 

up with 2 ml of pure methanol. Aliquots of the methanol 
of J solution were spotted on Whatman No. | filter paper 
x |} sheets and chromatograms were developed using the 


s — solvent systems and methods of Zaffaroni and associates 
‘e — (Burton eé al., 1951 and Zaffaroni et al. 1950, 1951). 
) The conversion products and unreacted steroid were 
located by means of an ultraviolet light scanner (Haines 
and Drake, 1950). 

¢ The above assay procedure was followed in the 
- course of screening cultures. When transformations 
S were to be determined quantitatively, the homogenized 








whole broth was extracted with three 50-ml portions 
of chloroform and care was taken to break the emul- 
sions that frequently: developed. After developing the 
chromatograms, the transformation products were 
eluted in methanol that had been checked for ultra- 
violet light absorption and the per cent transformations 
calculated from the optical densities of the eluates 
determined at 2400 A. 


RESULTS AND DiIscussION 


Aspergillus. The aspergilli tested for transformation 
of progesterone are summarized in table 1. In all, 475 
cultures representing 38 species were tested. In addi- 
tion, a large number of isolates from natural sources, 
but unidentified as to species, were tested. Many of the 
cultures listed in table 1 also were tested for trans- 
formation of Reichstein’s substance 8. 

Two major transformation products of progesterone 
were obtained from the majority of these cultures. 


TABLE 1. Aspergilli tested for hydroxylation of progesterone 











carbon-11 
Species BP Tested IPoscitiy Positive 
AONE OIOROINNE oic oo soso ic oil | 23 95 
ic CUPMUMLOMTR SS oi 3. Sone g-sis.056 Sashes 2 50 
MeN MIR ENEMIS Shas caress ore cata ae 14 100 
ae COP MGMMINBN os acct ean Rha Saw 2 0 
Pel MMMOND ooo te oon Se GTA 12 66 
SERV OUAMIINER 3. ooo as cs yak 5 6 100 
Pie MMEROUS oe cis 5 5k e's sey Seed aes 2 50 
A. echinulatus...................- | 8 100 
A ree ree | 6 | 100 
OE ae oa Poa | 16 93 
PREM es cine Be ns Ned ees eal 18 | 50 
De PUES. a2 Se as ne des Ls es 28 75 
BM OMNUR OS oo .  c5i h5 Japa Stone | 1 | 0 
er en eee eee 2 0 
Re ACIUN ER is 55 onc oso Coho | 1 100 
NNN 2 oss shee ox) aa seal 4 75 
A. montevidensis................ | 2 | 100 
A WIMMIORE. 6. oc x aetna aes 15 | 100 
Os oe ro oas aerate Nd axa BG 93 85 
i ADR CURNOUR oo a5 crs sie vies cid Sie 3 | 100 
A ARMANI cat ois eg ere rar es Gires 2 | 100 
TO io) ott ee ee | 13 | 88 
APR OMMIMELD I fo 68s pdb isn NAS Uh dS 17 37 
i PNRM MMNRCN Sooo on 3 et owls Scarpa | 1 | 0 
Ai PROUMONDIGUCUS. 8 oh he ear 6 100 
h quadpilineatus:. 2 ie cis ectee ees 2 | 100 
Re NNN oon ooo. -8s rue os 32 89 
DURUM Eh cs Ne i assarenie 3 100 
PTR yoo co geen eaate 22 | 96 
UNAMIN Reco ooo senate 6 | 66 
MeL he ar ee ae ee 17 69 
De MEG oes Sess ns Aeneas 6 100 
PUM ERE co San eset d ios tle aie acuals | 27 83 
Te EOUPEOONM oie sigs eo sis ool iia nares | 2 100 
ME NBS nos ese sib cnc RoE j Sa 8 100 
RT Oe ity. hee arg | 16 33 
Mi COIORIOE 55 crcsocta swe Saeed 9 100 
PE WARIO ORE 7. Does ek cide 26 80 
Gi NNN ses ails ean rately Bia | 11 | 90 
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These products were isolated and identified from a 
progesterone transformation by a strain of Aspergillus 
ochraceus. From 2.5 liters of whole broth incubated for 
48 hours following the initial steroid charge of 1 g, two 
crystalline fractions of 314 mg and 97 mg were ob- 
tained. 

The 314-mg fraction was identified as 68, 1la-di- 
hydroxyprogesterone on the following basis: 

Mixed chromatograms: It could not be separated 
from authentic 68, 1la-dihydroxyprogesterone 
in mixed chromatograms. 

Rotation: [a}®> D + 100° (C 0.4 in methanol) 


Infrared spectrum: Identical with authentic 
68 , 1la-dihydroxyprogesterone. 
Ultraviolet spectrum: Identical with authentic 


68 , 1la-dihydroxyprogesterone 

The 97-mg fraction was identified as 1la-hydroxy- 
progesterone by the following criteria: 

Mixed chromatograms: It could not be separated 
from authentic 1lla-hydroxyprogesterone in 
mixed chromatograms. 

Melting point: 165-168C 

Mixed melting point: The isolated fraction did 
not depress the melting point of authentic Ila- 
hydroxyprogesterone. 

Ultraviolet absorption spectrum: The sulfuric 
acid absorption spectrum was identical to that 
of 1la-hydroxyprogesterone. 

The 1la- and 68-hydroxylations, insofar as they have 
been studied, are effected by adaptive enzyme systems. 
The organism first adapts to progesterone transforming 
this substrate to 1lla-hydroxyprogesterone. Another 
adaptive enzyme is then “formed” that introduces the 
68-hydroxyl onto this first transformation product. 
Although quantitative measurements of progesterone 
conversion to the dihydroxy derivative have been made 
in a relatively few instances, the qualitative assay 
results indicate that quite high over-all transforma- 
tion can be obtained with some cultures. Transforma- 
tion of progesterone to the 1la-hydroxy derivative has 
been obtained in 80 per cent yield and 1|la-hydroxy- 
progesterone has been transformed further to the lla, 
66-dihydroxy derivative in equal yield. It is not im- 
plied that such yields can be obtained with most. of 
the aspergilli. This possibility would have to be ex- 
plored using optimum conditions for steroid trans- 
formation by each culture and this has not been done. 

The per cent of the cultures of each species that 
possibly transformed progesterone to 1la-hydroxy- 
progesterone is given in table 1. Where only a few 
representatives of each species were tested, the per 
cent effecting this transformation is not too meaning- 
ful. It does, however, show this transforming ability to 
be widely distributed throughout the genus. This 
becomes more impressive when one remembers that 
progesterone transformation by most of these cultures 
was assayed at one point in the conversion. Cultures 


KUGENE L. DULANEY ET AL. | 


| OL, 


might well be reported as unable to carry ou. thi 
transformation if the yield of 1la-hydroxyproges' eroy, 
was less than 5 per cent of the charged progestrone 
The 5 per cent figure represents the lower limit de. 
tectable under the assay conditions employed. Thy 
cultures that slowly converted progesterone to Ila. 
hydroxyprogesterone or rapidly transformed Ile. 
hydroxyprogesterone to another derivative might be 
missed. 

It is important to note that 1 la-hydroxyprogesterone 
has been isolated and characterized as such in only 4 
few instances. The per cent of active cultures was 
calculated merely on the basis that the products ob- 
tained from the progesterone fell in the 1la-hydroxy- 
progesterone region on the paper gram. 

Representatives of a number of species were selected 
by semiquantitative assay for a quantitative compari. 
son in three media as follows: 


Blackstrap invert molasses 


50 og 

Corn steep liquor......... 5 ml 
Distilled H,O to 1 liter 

pH adjusted to 6.5 before sterilization 
Cerelose 50 og 
damine. . ane 200 g 
Corn steep liquor. ; 5 ml 
Distilled H2O to 1 liter 

pH adjusted to 6.5 before sterilization 
Sucrose : , 50 og 
NaNOQOs3.. 7.6 ¢g 
K2HPOQ,. eee il ¢ 
MgS0O,-7H2O 0.5 ¢g 
KCl... a . Se 
FeSQ,-7H20..... . 40. omg 
Distilled H:O to 1 liter 


pH adjusted to 6.5 before sterilization 


In this experiment 1 ml of vegetative growth was 
used to inoculate each flask. The inoculum and the 
transformation media were the same in each instance. 
After 72 hours’ growth, 10 mg of progesterone in 2.5 
ml of propylene glycol were charged to each flask. The 
transformations were assayed at intervals from 6 to 
60 hours. The results are summarized in table 2. These 
data do not give a complete picture of the transforma- 
tion patterns. It is obvious, however, that promising 
cultures for transformation of progesterone to 1la- 
hydroxyprogesterone can be found in a number of 
species. Better transformation yields probably could 
be obtained by making a detailed study of the conver- 
sion requirements of a specific culture. 

Whereas the usual progesterone transformation 
pattern with aspergilli is to 1la-hydroxyprogesterone 
and thence to 68,1lla-dihydroxyprogesterone, this 
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secondary hydroxylation has been found to vary with 
certain cultures. A few soil isolates of Aspergillus trans- 
form progesterone to 1la-hydroxyprogesterone then con- 
vert this derivative to 1la, 17a-dihydroxyprogesterone. 
Complete physical constants on this dihydroxypro- 
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1 1959 
i TapLe 2. Quantitative test of progesterone transformation by 
i species of Aspergillus 
Transformation Products—Per Cent of 
Charged Progesterone 
Species ~ Re é 5 
7, 3 ao 
P v7 2% 
3 E g | Ye | Es 
= : & | = | a 
= = z|3 | = 
A. amstelodami 1 64 24| 30 | 30 | 24 
2 64 20 16 | 23 | 60 
3 38 54 Ee} 2% 54 
A. chevalieri. 1 63* | 24| 25 | 25 | 24 
2 t 
3 59 24 | 36 43 | 54 
A. flavipes. . l 34 60 | 14 14 | 60 
2 19 60 | 25 | 25 | 60 
3 17 o4 | 15 15 | 54 
A. niger | l 50 6C 9 9 60 
2 20 60 6 6 60 
3 63 54 8 8 | 54 
A. niger 2 l 67 60 14 14 | 60 
2 10t 12} 31 | 45 | 20 
3 54 | 54) 16 | 16 | 54 
A. niger 3 ] 75 | 24 29 | 40 | 60 
2 85 | 12; 22 34 | 60 
3 73 54 i3 |} 13 | & 
A. niveoglaucus l 69 24 | 20 20 | 24 
2 |Not tested 
3 |Not tested 
A. ochraceus | 57 12 | 22 96 | 35 
2, 61 12| 20 | 54 | 60 
3 64 D4 | 33 33 | 54 
A. pseudoglaucus | l 40 60 15 15 | 60 
2 61 60 19 19 60 
3 |Not tested 
A. pseudoglaucus 2 1 56 12 16 | 27 | 60 
2 52 12 | 24 30 | 60 
3 64 | 54 | 10 10 + 
A. quadrilineatus 1 27 60} 11 11 60 
2 51 12 | 24 32 | 60 
3 42 54 18 | 18 | 54 
A. repens 1 l 7 60 33 33 60 
2 24* 20 7 4 |e 
3 60 54 16 16 | 54 
A. repens 2. 1 63 | 60 | 27 27 60 
2 88t 12) 17 49 | 20 
3 27 54 5 5 | 54 
A. repens 3 l 59 60 9 9 | 60 
2 Not tested 
3 |Not tested! 
A. ruber 1.. l 43 60 | 22 22 | 60 
2 60 | 60 | 22 22 | 60 
3 22 54 9 9 | 54 
A. ruber 2 1 46 35 | 19 | 31 54 
2 47 | 54 | 27 27 =| 54 
3 31 54 12 | 12 | 54 
A. terreus... I 21 24 16 41 60 
2 17§ 12 | 10 17 | 20 
3 8 24 9 10 | 54 
A. unguis. I 74 12 4 4 | 12 
2 22* 26 | - 5 | 26 
3 55 12 19 52 
A. variecolor 1 8 12) 12 16 | 52 
2 43 60; 8 8 | 60 
3 35 54; 2 2 | 54 


* 60-hour sample was lost. 
+ Contamination suspected. 
t Data unconvincing. 

§ Another product is near l1la-hydroxyprogesterone on the 
pergrams. Resolution of the products was not certain. 


HYDROXYLATION BY ASPERGILLUS AND PENICILLIUM 339 


gesterone are not available. However, the mobility of 
the product in mixed chromatograms, the results of an 
as yet unpublished. color test, and the sulfuric acid 
absorption spectrum all indicate quite strongly its 
being 1lla,17a-dihydroxyprogesterone. No 17a-hy- 
droxyprogesterone was found. Apparently proges- 
terone is transformed to the lla-hydroxy derivative 
and an adaptive enzyme then “formed” transforms this 
substrate to the 1la,17a-dihydroxy product. 

Many of the aspergilli have been grown also with 
substance § as the steroid substrate. The usual trans- 
formation of this steroid is to compound epi-F. The 
yield of this transformation is approximately 50 per 
cent. 

Penicillium. Representatives of 92 species of the 137 
recognized by Raper and Thom (1949) were tested for 
ability to transform progesterone to lla- or 11 8- 
hydroxyprogesterone. The identified cultures and the 
numbers of each are listed below. In all, 476 identified 
isolates and a large number of unidentified isolates 
were studied. 

One representative of the following species was 
tested. P. albidum, P. asperum, P. aurantio-violaceum, 
P. brevi-compactum, P. camemberti, P. chermisinum, 
P. claviforme, P. cyaneum, P. digitatum, P. duponti 
(grown at 50 C), P. granulatum, P. javanicum, P. 


jenseni, P. lanoso-coeruleum, P. lanoso-griseum, P. 


lanoso-veride, P. lividum, P. meleagrinum, P. nalgioven- 
sis, P. namyslowskii, P. ochro-chloron, P. palitans, P. 
psittacinum, P. rolfsii, P. simplicissimum, P. solitum, 
P. vermiculatum, P. vinaceum, and P. wortmanni. 

Two cultures of each of the following species were 
tested. P. adametzi, P. biforme, P. canescens, P. caset- 
colum, P. citreoviride, P. commune, P. daleae, P. ehr- 
lichti, P. frequentans, P. gladioli, P. herquei, P. humuli, 
P. melinii, P. miczynskii, P. piscarium, P. raistrickii, 
P. restrictum, P. roseo-purpureum, P. soppi, P. terlikow- 
skii, P. trzebinskit, and P. verruculosum. 

Three isolates of the following were screened. P. 
atramentosum, P. aurantio-virens, P. citrinum, P. 
decumbens, P. islandicum, P. luteum, P. nigricans, P. 
oxalicum, P. purpurrescens, P. steckii, and P. turbatum. 

Four or more members of other species were avail- 
able for study. The species and the number of each 
tested are as follows. P. brefeldianum 4, P. chrysogenum 
126, P. corylophilum 7, P. corymbiferum 4, P. crusto- 
sum 5, P. cyaneo-fuluum 8, P. cyclopium 14, P. expan- 
sum 14, P. fellutanum 4, P. funiculosum 37, P. implica- 
tum 4, P. italicum 6, P. janthinellum 4, P. lilacinum 7, 
P. martensii 5, P. notatum 35, P. ochraceum 4, P. 
olivino-viride 4, P. puberulum 5, P. purpurogenum 7, 
P. roqueforti 11, P. rugulosum 10, P. spinulosum 9, 
P. stotoniferum 4, P. tardum 4, P. terrestre 6, P. thomi 
5, P. urticae 8, P. viridcatum 5, and P. waksmanni 4. 

The results showed clearly that, unlike the genus 
Aspergillus, ability to introduce a hydroxy] at carbon-11 
of progesterone is not a characteristic of Penicillium 
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species. Only three cultures, i.e., P. corylophilum, P. 
lilacinum, and P. tardum were found to hydroxylate 
progesterone at carbon-11. In each instance the hy- 
droxyl had the alpha configuration. The maximum 
yield of this transformation was approximately 35 
per cent. 

There appears to be not so definite a pattern of 
progesterone transformation in Penicillium as there is 
in Aspergillus. One of the most common progesterone 
transformation products found among the Penicillia 
tested has the mobility of 15-hydroxyprogesterone in 
mixed chromatograms. 


SUMMARY 


A large number of Aspergilli and Penicillia have been 
tested for ability to transform progesterone. 

The Aspergilli represent 475 identified cultures in 38 
species. Ability to transform progesterone to lla- 
hydroxyprogesterone and substance S to compound 
epi-F appears to be common in the genus Aspergillus. 
The progesterone transformation pattern is usually 
progesterone to lla-hydroxyprogesterone to 68, lla- 
dihydroxyprogesterone. A few cultures transform 
progesterone to lla-hydroxyprogesterone and thence 
to lla, 17a-dihydroxyprogesterone. 

The Penicillia tested represent 476 identified cultures 
in 92 species. Transformation of progesterone to lla- 
hydroxyprogesterone is rare in this genus. This trans- 
formation was found positively in three cultures. 
Another monohydroxy product found was tentatively 
identified as 15-hydroxyprogesterone. Many Penicillia 
transform progesterone to a product with this mobility. 


REFERENCES 

ArnaupbiI, C. 1951 Oxydations microbiennes des steroides. 
Experientia, 7, 81-89. 

Arnaupi, C. 1954 Researches on the microbiological de- 
gradation of sterols. Appl. Microbiol., 2, 274-281. 

Burton, R. B., Zarraroni, A., AND Keu1MAnn, E. H. 1951 
Paper chromatography of steroids. II. Corticosteroids and 
related compounds. J. Biol. Chem., 188, 763-771. 

CouineswortH, D. R., Karnemart, J. N., Hanson, F. R., 
Brunner, M. A., Mann, K. M., ann Haines, W. J. 1953 
A partial microbiological synthesis of hydrocortisone. J. 
Biol. Chem., 203, 807-813. 

Eppstern, 8. H., Mrester, P. D., Pererson, D. H., Murray, 
H.C., Lercu, H. M., Lyrriz, D. A., Retneke, L. M., ano 
WerntTrRAuB, A. 1953a Microbiological transformations 
of steroids. III. Preparation of 11-epicorticosterone and of 
68-hydroxy-11-desoxycorticosterone. J. Am. Chem. Soc., 
75, 408-412. 

Eppstein, 8. H., Pererson, D. H., Leragu, H. M., Murray, 
H. C., Wernrraus, A., REINEKE, L. M., anp MEISTER, 
P.D. 1953b Microbiological transformations of steroids. 
VII. Preparation of 118-hydroxypregnane-3,20-dione and 
lla-hydroxyallopregnane-3,20-dione. J. Am. Chem. Soc., 
75, 421-422. 

Friep, J., Tooma, R. W., Gerke, J. R., Herz, J. E., Donn, 
M. N., anp PertMan, D. 1952 Oxydations of steroids 
by microorganisms. II. Hydroxylation in position 11 and 
synthesis of cortisone from Reichstein’s compound §. 


J. Am. Chem. Soc., 74, 3962. 


EUGENE L. DULANEY ET AL. 


Haines, W. J., AND CoLtLincswortH, D. R. 1953 §S 
Oxidation. United States Patent 2,649,401. Aug. 18. 

Haines, W.J.,anp Drake, N.A. 1950 Fluorescence seanne 
for evaluation of papergrams of cortical hormones. Fe 
eration Proc., 9, 180. 

Meister, P. D., Peterson, D. H., Murray, H. C., Eppsreyy 

S. H., Remeke, L. M., Wernrravs, A., anv Lercu, 

M. 1953a Microbiological transformations of steroids 


II. The preparation of lla-hydroxy-17a-progesterone. J 


Am. Chem. Soc., 75, 55-57. 

Meister, P. D., Peterson, D. H., Murray, H. C., Spero 
G. B., Eppstein, S. H., WeInTRAvB, A., REINEKE, L. M 
AND Leigu, H. M. 19536 Microbiological transforms 
tions of steroids. V. The oxygenation of 17a-hydroxypro. 
gesterone to 68,17a-dihydroxyprogesterone and 1la-l7. 
dihydroxyprogesterone. J. Am. Chem. Soc., 75, 416-41§ 

Meystre, C., Viscuer, E., anv WETTsTEIN, A. 1954 Micro 
biological hydroxylation of steroids in the 17a@- and 2I 
position. Microbiological reactions, 4th communication 
Helv. Chim. Acta, 87, 1548-1553. 

MeystrB, C., ViscHER, E., anD WETTSTEIN, A. 1955 Micro 
biological hydroxylation of 11-desoxycorticosterone in the 
7a-, 15a@- or 158-position. 
communication. 


Microbiological reactions, 5th 
Helv. Chim. Acta, 38, 381-393. 


Murray, H. C., ann Peterson, D.H. 1952 Oxygenation oj 
steroids by mucorales fungi. United States Patent 
2,602,769. July 8. 

Murray, H. C., ano Peterson, D. H. 1953a_ Steroids. 
United States Patent 2,649,400. Aug. 18. 

Murray, H. C., anp Prererson, D. H. 1953b Steroids. 
United States Patent 2,649,402. Aug. 18. 

PERLMAN, D., Titus, E., anp Friep, J. 1952 Microbial 


hydroxylation of progesterone. 
2126. 

Petrerson, D. H. anp Murray, H. C. 
genation of steroids at carbon-11. 
74, 1871-1872. 

Pererson, D. H., Murray, H. C., Eppstein, 8. H., REINEKE, 

L. M., Werntraus, A., Merster, P. D., anp Letau, H. 
M. 1952 Microbial transformations of steroids. I. In- 
troduction of oxygen at carbon-11 of progesterone. J. 
Am. Chem. Soc., 74, 5933-5936. 

PeteRsSoN, D. H., 


J. Am. Chem. Soc., 74, 


1952. Microbial oxy- 
J. Am. Chem. Soc., 


Erpstein, S. H., MeEtstErR, P. D., 
MaGERLEIN, B. J., Murray, H. C., Leigu, H. M., 
WEINTRAUB, A., AND REINEKE, L. M. 1953a Microbio- 


logical transformations of steroids. IV. The 11-epimer of 
compound F and other new oxygenated derivatives of 
Reichstein’s compound 8. A new route to cortisone. J. 
Am. Chem. Soc., 75, 412-415. 
Peterson, D. H., Natuan, A. H., Meister, P. D., Eppstein, 
S. H., Murray, H. C., Wernrraus, A., REINEKE, L. M., 
AND Letegu, H. M. 1953b Microbiological transforma- 
tions of steroids. VI. Preparation of 1la-hydroxy-6-dehy- 
droprogesterone. J. Am. Chem. Soc., 75, 419-421. 
Raper, K.B.,anpTuom,C. 1949 A Manual of the Penicillia, 
p. 875. The Williams & Wilkins Co., Baltimore. 
SHuui, G. M., anp Kita, D. A. 1953 Oxygenation of Ster- 
oids. United States Patent 2,658,023. Nov. 3. 
Tuom, C., AND Rarer, K.B. 1946 A Manual of the Aspergilli, 
p. 373. The Williams & Wilkins Co., Baltimore. 


[\ on. 


A 


Croid 3 


p 
n 


t 





Cucur 
rincipa 
amely, 


been sti 
ing spec 


tal., 1 


Bell, 19 
1946; F 
1949). 


The 
and m: 
(1941) 
respon 
film-fo 
covere 
regula 
forme 
labor 
Phi 
sorbic 
yeast 
woul 
later 
Si 
with 
by a 
meas 
(Me 
fung 
indi 
pres 
and 
of ¢ 
cles 
act 
cen 
twe 
Sh 


cel 





ZAFFARONI, A., Burton, R. B., anp Keutmann, E. H. 1950 
Adrenal cortical hormones; analysis by paper partition 
chromatography and occurrence in the urine of normal 
persons. Science, 111, 6-8. 

ZAFFARONI, A., AND Burton, R. B. 


1951 Identification of 


corticosteroids of beef adrenal extract by paper chroma- 


J. Biol. Chem., 193, 749-767. 


tography. 


Ag 


in: 








[\ OL, 


XS 


‘ 


5. 


Cro 


Senne 
Fe, 


PSTEIy 
GH, H 
Leroids 


ne, J, 


SPER 
L.M 
forms 
XV pro- 
L1a@-l7. 
16-418 
Micro 
nd 2] 


sation 


Micro 
in the 
is, 5th 


ion of 
», 
atent 


roids, 
roids, 


‘obial 
me 


oxy- 
Soc., 


EKE, 
f, . 
, dae 


D., 
M., 
bio- 
r of 


s of 





150 
on 
al 


of 





Sorbic Acid as a Selective Agent in Cucumber Fermentations 


I. Effect of Sorbic Acid on 


with Cucumber 


R. N. Costitow, W. E. 


Microorganisms Associated 
Fermentations' 


FERGUSON? AND S. Ray 


Department of Microbiology and Public Health, Michigan State University, East Lansing, Michigan 


Received for publication June 8, 1955 


Cucumber fermentations for salt stock have two 
principal types of fermentations occurring in them; 
namely, lactic acid and yeast fermentations. These have 
been studied in considerable detail and the predominat- 
ing species of bacteria and yeasts identified (Costilow 
et al., 1955; Costilow and Fabian, 1953; Etchells and 
Bell, 1950a, b; Etchells e¢ al., 1952; Etchells and Jones, 
1946; Pederson and Albury, 1950; Pederson and Ward, 
1949). 

The yeast fermentation is believed to be undesirable 
and may cause considerable economic loss. Jones et al. 
(1941) demonstrated that these fermentations are often 
responsible for “‘bloaters’”’ (hollow cucumbers). Also, the 
film-forming yeasts are a considerable problem on 
covered tanks of cucumbers. They must be skimmed off 
regularly to prevent their utilization of the lactic acid 
formed by the bacteria. This involves a considerable 
labor expense over an entire season. 

Phillips and Mundt (1950) first suggested the use of 
sorbic acid’ in cucumber brines to control the surface 
yeasts. They noted that 0.1 per cent of this compound 
would prevent scum formation on the surface. This was 
later confirmed by Jones and Harper (1952). 

Since these reports, considerable work has been done 
with sorbic acid. Studies on its toxicity and metabolism 
by animals (Deuel et al., 1954a, 1954b), methods of 
measurement (Melnick and Luckmann, 1954), stability 
(Melnick et al., 1954a, 1954b), and effectiveness as a 
fungistatic agent in cheese (Smith and Rollin, 1954) 
indicate that it more nearly approaches an ideal food 
preservative than sodium benzoate. Studies by Emard 
and Vaughn (1952) showed that it is an active inhibitor 
of catalase positive microorganisms in general. All spe- 
cies of this group tested, including yeasts, molds, 
actinomycetes and bacteria, were inhibited by 0.12 per 
cent sorbic acid when the pH of the medium was be- 
tween 5.0 and 5.5 in the absence of phosphate salts. 
Sheneman and Costilow (1955) have shown that 0.1 per 
cent sorbic acid would effectively preserve sweet cu- 


Journal article No. 1777. 
Present address: Bacteriology Division, Department of 
Agriculture, Ottawa, Ontario, Canada. 
> Sorbic acid (2,4-hexadienoic acid) was patented by Good- 
ing (1945) as a fungistatic agent. 


cumber pickles when a minimum of 0.5 per cent acetic 
acid was used. 

The present study was conducted to determine the 
effectiveness of sorbic acid as an inhibitor of yeasts 
common to cucumber fermentations and, also, to deter- 
mine whether it had any appreciable influence on the 
species of lactic acid bacteria active in the curing of 
cucumbers. 


MATERIALS AND METHODS 


Cultures Used and Method of Handling 


The yeast cultures used in this study were isolated by 
Htchells and Bell (1950a, b)4 and Costilow and Fabian 
(1953) during their work on the identification of yeasts 
from cucumber brines. The lactic acid bacteria were 
isolated from cucumber fermentations and identified by 
Costilow et al. (1955). 

Yeast cultures were maintained on vegetable juice 
agar medium (Etchells and Bell, 1950a) and the lactic 
acid bacteria in trypticase sugar agar (BBL) stabs. A 
30 C incubation temperature was used for all organisms. 
Monthly transfers were made of stock cultures. Young 
active cultures were prepared for inoculation of test 
media by two successive daily transfers in the basal 
medium to be used for the test. 

Basal media used for growth tests. Dextrose broth con- 
taining 0.5 per cent peptone, 1.0 per cent dextrose and 
0.1 per cent yeast extract was used as the basal medium 
for yeast growth tests. The two basal media used for the 
bacteria were as follows: (a) tryptone yeast extract 
broth—1.0 per cent tryptone, 0.5 per cent yeast extract, 
and 1.0 per cent dextrose; (b) trypticase broth—2 per 
cent trypticase (BBL), 2 per cent dextrose, and 0.25 per 
cent gelatin. McIlvaine’s buffer was added to adjust the 
pH of the latter medium. 

Source of sorbic acid and method of addition. The sorbic 
acid was obtained from The Carbide and Carbon 
Chemicals Company, New York, New York. 

Concentrations were calculated on a dry weight basis 
and added as per cent by weight per unit volume of 


4 These cultures were obtained from Dr. L. J. Wickerham of 
the Northern Utilization Research Branch, U.S.D.A., Peoria, 
Tilinois. 
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media. It was dissolved in the basal media prior to pH 
adjustment and sterilization. 

Methods of estimating growth and acid production. In 
the preliminary work, yeast growth was estimated by 
visual observation of turbidity, sediment or scum forma- 
tion. Later the growth of the subsurface yeasts was 
determined by measuring per cent transmission in a 
photelometer using a 610 my filter. In the study of yeast 
survival, both plate counts using dextrose agar (Difco) 
plus 0.1 per cent yeast extract and most probable num- 
bers in dextrose broth were run. 

Acid production by the lactic acid bacteria was de- 
termined by titration with standard sodium hydroxide. 
Trypticase sugar agar was used for plating of pure cul- 
tures. 


RESULTS 

Preliminary experiments indicated that sorbic acid 
had very little effect on most yeasts at pH 6.0. The two 
strains of Rhodotorula sp. and one strain of Debaryo- 
myces membranaefaciens var. Hollandicus were com- 
pletely inhibited by 0.1 per cent of the acid at this pH. 
All other yeasts grew in the medium even when very 
small inocula were used. However, when the pH was 
lowered to pH 5.0, all species of yeasts were completely 
inhibited by this concentration of sorbic acid. This 
effect of pH has been demonstrated previously (Emard 
and Vaughn, 1952; Sheneman and Costilow, 1955). 

Inhibitory action of sorbic acid in combination with 
sodium chloride on yeasts. Phillips and Mundt (1950) 
noted that 0.05 per cent sorbic acid would not effec- 
tively prevent the growth of surface yeasts on cucumber 
fermentations. However, our preliminary experiments 
indicated that this concentration was just as effective 
in laboratory media (pH 5.0) as 0.1 per cent. There- 
fore, experiments were conducted using dextrose broth 
with 0, 0.01, 0.02, 0.03, 0.04 and 0.05 per cent sorbic 
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acid. Salt levels of 0, 4 and 8 per cent were used jy 
conjunction with each concentration of sorbic ac: |, 

No visible evidence of any yeast growth was ote 
when 0.04 per cent sorbic acid was used in sali fre 
media (figure 1). In the presence of 4 per cent salt. 0.0 
per cent of the acid inhibited all yeasts, and 0.01 pe 
cent was equally effective when 8 per cent sal! was 
used. 

Of the yeasts tested, Torulopsis holmii and Candid) 
kruset, a subsurface and surface type, respectively, 
were the most tolerant to the acid. However, the addi. 
tion of salt to the media resulted in their inhibition by 
the lower concentration of sorbic acid. This was proba- 
bly due to low salt tolerance of these yeasts combined 
with the action of sorbie acid. It has been noted 
(Etchells and Bell, 1950b) that Candida krusei did not 
appear on cucumber fermentations except in low sali 
brines. Also, Torulopsis holmii appears early in fer. 
mentations in the northern brining areas while salt 
levels are still relatively low (Costilow and Fabian, 
1953; Etchells et al., 1952). It is not found often in 
older brines with higher salt concentrations. 

Effect of sorbic acid on the viability of yeasts. The 
yeasts were inoculated into prepared flasks of dextrose 
broth plus 8 per cent NaCl (pH 4.5) with sorbic acid 
levels of 0, 0.05, and 0.1 per cent. The numbers of viable 
cells were estimated by plating with dextrose agar 
initially and at intervals up to 7 days’ incubation. 

The viable cell counts of the yeast, Brettanomyces 
versatilis which was apparently destroyed the earliest, 
and Torulopsis caroliniana, surviving for the longest 
period in the sorbic acid media, are given in figure 2. 
With most yeasts, the 0.1 per cent concentration of 
sorbic acid resulted in a more rapid decrease in viable 
cells than did the 0.05 per cent, but the counts were 
reduced to zero in the presence of both levels by the 
end of 7 days’ incubation. 
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Fig. 1. Effect of sodium chloride on 
A. Brettanomyces versatilis 
B. Hansenula subpelliculosa 
C. Rhodotorula sp. 
D. Torulaspora roset 
E, Torulopsis caroliniana 





the concentration of sorbic acid necessary to inhibit yeast growth completely (pH 4.6) 









TO a 


= 
= 
= 
= 
= 


F. Torulopsis holmii 


G. Zygosaccharomyces halomembranis 
H. Candida krusei 
I. Debaryomyces membranaefaciens var. Hollandicus 
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tesults obtained by the most probable numbers 
method of estimating viable cells populations were 
similar. 


Effect of Sorbic Acid on Acid-Forming Bacteria from 
Cucumber Fermentations 

Influence on acid production at various pH levels. Two 
strains of Pediococcus cerevisiae, two strains of Lacto- 
bacillus brevis, and four strains of Lactobacillus plan- 
tarum (2 positive for nitrate reduction and 2 negative) 
were grown in tryptone yeast extract broth with 0, 
0.025, 0.05 and 0.1 per cent sorbic acid. These tests 
were conducted at pH levels of 7.0, 6.0, 5.0, 4.5 and 
4.0. 

Representative results of this experiment are given 
in figure 3. The sorbic acid had but little influence on 
the acid formation by these organisms irrespective of 
concentration or pH of the medium. There was some 
apparent effect of increasing sorbic acid levels on L. 
plantarum at pH 4.5 and 5.0, but this did not occur con- 
sistently with all strains of this species. At pH 4.0, the 
0.025 and 0.05 per cent levels had no significant in- 





fluence but at 0.1 per cent sorbie acid none of the 
species tested produced acid. 

Growth rates of lactic acid bacteria in the presence of 
sorbic acid. A representative culture of each species of 
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Fic. 3. Acid production. by lactic acid bacteria in sorbic 
acid media at various pH levels. 


bacteria was inoculated into trypticase broth at pH 
6.0 with sorbic acid levels of 0, 0.025, 0.05 and 0.1 
per cent. Growth rates were determined by the stand- 
ard plate count. As evident in figure 4, the presence of 
sorbic acid had no significant effect on the growth of 
these cultures. 


Effect of Yeasts and Lactic Acid Bacteria on Sorbie Acid 


Melnick et al. (1954b) found that molds could degrade 
sorbic acid when the ratio of mold to sorbic acid was 
high. Also, species of Clostridium were found to utilize 
sorbic acid as a carbon source by York and Vaughn 
(1954). Therefore, it was deemed desirable to deter- 
mine whether the microorganisms common to cucumber 
fermentations could attack this acid. 

One yeast culture, Torulopsis holmii, one strain each 
of Pediococcus cerevisiae and L. brevis, and 2 strains of 
L. plantarum (1 positive for nitrate reduction and 1 
negative) were tested for possible utilization of sorbic 
acid. Dextrose broth (pH 4.6) was used as the basal 
medium for the yeast, and trypticase sugar broth 
(pH 6.0) was used for the lactic acid bacteria. Media 
containing 0.1 per cent sorbic acid were inoculated and 
incubated at 30 C. The yeast tests were incubated 3 
weeks and the bacteria 2 weeks. Uninoculated control 
media with and without sorbic acid were incubated for 
the same time periods. Sorbic acid analysis was made 
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Fig. 4. Growth of lactic acid bacteria in sorbie acid media 


(pH 6.0). 


TABLE 1. Effect of yeast and lactic acid bacteria on 
sorbic acid 
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Sorbic Resid- 

Medium (Broth) Ta Inoculum —. 

| ment Acid* 

i —s ll 1% 

Trypticase....| 0.00 | None | 0.00 

Trypticase....| 0.10 | None 0.11 

Trypticase....| 0.10 | Pediococcus cerevisiae 0.11 

Trypticase....| 0.10 | Lactobacillus plantarum (posi- | 0.10 
tive nitrate reduction) 

Trypticase. ...| 0.10 | Lactobacillus plantarum (nega- | 0.11 
tive nitrate reduction) 

Trypticase....| 0.10 | Lactobaci!lus brevis 0.11 

Dextrose......| 0.00 | None 0.00 

Dextrose......, 0.10 | None 0.11 

Dextrose...... 0.10 | Torulopsis holmii 0.12 





* Trypticase broth series incubated 2 weeks at 30 C, dex- 
trose broth series, 3 weeks at 30 C. 


by the spectrophotometric method of Melnick and 
Luckmann (1954)°. 


° The sorbic acid analysis of the media used for testing bac- 
teria cultures were run in the Chemical and Physical Methods 
Laboratory, Carbide and Carbon Chemicals Co., South 
Charleston, West Virginia. 
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No evidence of any utilization of sorbic acid by any} 


of these cultures was evident (table 1). 


Discussion 

As could be predicted from the reports of Eman 
and Vaughn (1952) and Sheneman and Costilow (1953). 
pH was found to be a very important factor in the 
inhibitory action of sorbic acid. However, since the pH 
of fermenting cucumber brines is reduced from about 
6.0 to below 4.0 within the first 2 to 5 days after salting, 
before much yeast activity is evident, the pH of the 
brines would impose no problem in use of sorbic acid, 
In fact, at pH 4.6 with salt concentrations similar to 
those used in fermenting cucumbers, these results indi- 
cated that sorbic acid levels as low as 0.01 per cent 
would effectively control growth of the yeasts tested. 
This is not in agreement with the report of Phillips and 
Mundt (1950) who stated that concentrations below 
0.1 per cent were not effective in preventing surface 
yeasts developing on cucumber fermentations. 

These results indicate that sorbic acid may be some- 
what fungicidal as well as fungistatic as suggested by 
Melnick et al. (1954b). In the case of most yeasts tested, 
the viable cell counts were reduced more rapidly with 
0.1 per cent sorbic acid than with 0.05 per cent. How- 
ever, viable cells of most species were found after 6 
hours’ exposure to the higher concentration indicating 
that its fungicidal power is not very great. These data 
demonstrated definitely that sorbic acid completely 
inhibited the yeasts tested. 

The present study confirmed the results of Emard 
and Vaughn (1952) with respect to the tolerance of the 
catalase negative lactic acid bacteria to sorbic acid. 
However, the two strains of Pediococcus cerevisiae 
tested here were weakly catalase positive and appeared 
to be as tolerant to sorbic acid as the catalase negative 
bacteria. 

While Melnick et al. (1954b) found that high mold 
populations would degrade sorbic acid, no evidence of 
any utilization by a heavy yeast inoculum was found 
in these experiments. Also, no utilization of the acid by 
the lactic acid bacteria such as observed by York and 
Vaughn (1954) with clostridia was found. 

These data are very encouraging with respect to the 
usefulness of sorbic acid in cucumber fermentations. 
Thus, very low concentrations of the acid inhibited all 
the yeast species common to these fermentations but 
relatively high levels did not affect the lactic acid bac- 
teria greatly. Also, it was quite stable in laboratory 
media and was not destroyed by any of the microor- 
ganisms tested. If sorbic acid is equally as efficient in 
cucumber fermentations as in laboratory media, it 
certainly should prove economically feasible for use. 
However, it should be emphasized that careful tests 
should be conducted in cucumber fermentations under 
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commercial conditions before widespread application is 


made of sorbic acid. 


SUMMARY 


At pH 5.0 and below, sorbic acid was found to in- 
hibit very effectively the species of yeasts common to 
cucumber fermentations. At pH 4.6, 0.04 per cent 
sorbic acid inhibited all yeasts tested in a salt free 
medium; 0.02 per cent was equally effective in 4 per 
cent salt broth; and 0.01 per cent in 8 per cent salt. 

The action of the acid appeared to be somewhat 
fungicidal as well as fungistatic. The numbers of yeast 
cells were reduced more rapidly with 0.1 per cent sorbic 
acid than with 0.05 per cent. However, no viable cells 
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of any species tested were detected after 7 days’ incu- 
bation with either concentration of the acid. 

The lactic acid bacteria tested (Pediococcus cerevisiae, 
Lactobacillus plantarum, and Lactobacillus brevis) were 
not greatly affected by the presence of sorbic acid irre- 
spective of pH. 

No utilization of sorbic acid by any of the bacterial 
species tested or by a large inoculum of Torulopsis 
holmii was noted. 

REFERENCES 
CovucuHiin, F. M., Ropacu, D. L., anp 


A study of the acid-forming bac- 
Food 


Costitow, R. N., 
RaGHEB, H. 8. 1955 
teria from cucumber fermentations in Michigan. 
Technol., 9(5), Abstract 96. 

CostiLow, R. N., AND FaBran, F. W. 
studies of cucumber fermentations. 
314-319. 

DevEL, H. J., Jn., ALFIN-SLATER, R., WEIL, C.S., AND SMYTH, 
H. F., Jr. 1954a Sorbie acid as a fungistatic agent for 
foods. I. Harmlessness of sorbic acid as a dietary com- 
ponent. Food Research, 19, 1-12. 

Deve., H. J., Jn., CALBERT, C. E., ANISFELD, L., MCKEEHAN, 
H., anp BLuNpDEN, H. D. 1954b Sorbie acid as a fungi- 

II. Metabolism of a,8-unsaturated 

Food Research, 


1953. Microbiological 
Appl. Microbiol., 1, 


static agent for foods. 
fatty acids with emphasis on sorbic acid. 
19, 13-19. 

Emarp, L.O., anp VauGHN, R.H. 1952 
acid media for the catalase negative lactic acid bacteria 
and clostridia. J. Bacteriol., 63, 487-494. 

ErcuEus, J. L., AND Beui, T. A. 1950a Classification of 
yeasts from the fermentation of commercially brined cu- 

cumbers. Farlowia, 4, 87-112. 


Selectivity of sorbic 











SORBIC ACID AS A SELECTIVE AGENT. I 345 


ErcHeE.is, J. L., AND BELL, T. A. 1950b Film yeasts on com- 
mercial cucumber brines. Food Technol., 4, 77-83. 

ETCHELLs, J. L., Costitow, R. N., anp Bett, T. A. 1952 
Identification of yeasts from commercial cucumber fer- 
mentations in northern brining areas. Farlowia, 4, 249- 
264. 

EvrcHeuus, J. L., aNp JonEsS, I. D. 1946 Characteristics of 
lactic acid bacteria from commercial cucumber fermenta- 
tions. J. Bacteriol., 52, 593-599. 

Goopina, C.M. 1945 Process of inhibiting growth of molds. 
U.S. Patent 2,379,294. 

Jones, I. D., Ercuetuus, J. L., VEERHOFF, O., 
M. L. 1941 
cumber fermentations. 
219-220. 

Jones, A. H., anp Harper, G.S. 1952 A preliminary study 
of factors affecting the quality of pickles on the Canadian 
market. Food Technol., 6, 304-308. 

Me.nick, D., anp LuckMann, F. H. 1954 Sorbie acid as a 
fungistatic agent for foods. III. Spectrophotometric 
determination of sorbie acid in cheese and in cheese wrap- 


AND VELDHUIS, 
Observations on bloater formation in cu- 
Fruit Products J., 20, 202-206; 


pers. Food Research, 19, 20-27. 

MeE.nick, D., LucKMANN, F. H., anp GoopineG, C. M. 1954a 
Sorbic acid as a fungistatic agent for foods. V. Resistance 
of sorbic acid in cheese to oxidative deterioration. Food 
Research, 19, 33-43. 

ME nick, D., LuckMaANN, F. H., anp Goopine, C. M. 19546 


Sorbie acid as a fungistatie agent for foods. VI. Metabolic 
degradation of sorbic acid in cheese by molds and the 
mechanism of mold inhibition. Food Research, 19, 44-58. 

Preperson, C. 8., anp ALBury, M. N. 1950 Effect of tem- 
perature upon bacteriological and chemical changes in 
fermenting cucumbers. New York State Agr. Expt. Sta. 
Bull. 744. 

PEepERSON, C.S., anp Warp, L. 1949 The effect of salt upon 
the bacteriological and chemical changes in fermenting 
cucumbers. New York State Agr. Expt. Sta. Tech. Bull. 
169. 

Puiturps, G. F., anp Munpt, J. O. 1950 
inhibitor of seum yeast in cucumber fermentations. Food 
Technol., 4, 291-293. 

SHENEMAN, J. M., AND CostiLow, R.N. 
a preservative for sweet cucumber pickles. 
biol., 3, 186-189. 

SmituH, D. P., AND Routuin, N. J. 1954 

VII. Effectiveness of sorbie acid 
in protecting cheese. Food Research, 19, 59-65. 

York, G. K., II, anp Vaucun, R. H. 1954 Use of sorbic 

acid enrichment media for species of Clostridium. J. 

Bacteriol., 68, 739-744. 


Sorbie acid as an 
1955 Sorbie acid as 
Appl. Micro- 


Sorbie acid as a fungi- 
static agent for foods. 





Combined Effects of Heat and Radiation in Food Sterilization 


Luoyp L. Kempe 


Departments of Bacteriology and Chemical Engineering, University of Michigan, Ann Arbor, Michigan 


Received for publication June 13, 1955 


Ionizing radiations are not presently used for steriliz- 
ing foods because undesirable flavor changes and other 
adverse effects often result at the required dosage levels. 
Morgan and Reed (1954) have shown that preliminary 
exposure to such radiations lowers the resistance of 
some bacterial spores to the lethal action of subsequent 
heat treatment. However, no work has been presented 
to indicate the effects of consecutive heat and radiation 
treatments on the spores of Clostridium botulinum. 
Because these spores are of critical importance in food 
sterilization, the present study has been directed to- 
wards determining the effect of preirradiation on the 
heat resistance of C. botulinum spores, as well as the 
subsequent irradiation resistance of these spores after 
heat shocking. 


MATERIALS AND METHODS 


The two strains of Clostridium botulinum used in this 
work were obtained from the Hooper Foundation for 
Medical Research at the University of California. The 
spore suspensions were prepared according to the pro- 
cedures of Reed, Bohrer, and Cameron (1951) except 
that Difco bacto-casitone was substituted for casein 
digest in the growth medium specified by these workers. 
Stock spore suspensions were suspended in sterile dis- 
tilled water and stored at 4 C. The types of toxins 
produced in the growth media were verified by neu- 
tralization tests in mice. Antitoxin used for this purpose 
was supplied by the New York State Department of 
Health. 

Before titering, the spore suspensions were heated at 
85 C for 15 minutes to kill the vegetative cells. The 
number of viable spores was then determined by 
dilution counts, using the Prickett tube technique and 
the pork infusion agar containing 0.1 per cent soluble 
starch previously discussed by Kempe et al. (1954). 

For irradiation tests, the spore suspensions were 
diluted in m/15 phosphate buffer, nutrient broth, or 10 
per cent gelatin. The buffer and gelatin were adjusted 
to pH 7.0, but the nutrient broth was used at pH 6.7. 
The solid gelatin kept the spores suspended during 
irradiation but the buffer and the broth allowed the 
spores to settle. 

Two series of tests were carried out with both strains 
of C. botulinum in each of the three media. The first 
series determined whether preirradiation sensitized the 
spores to subsequent heat treatment. In this case, the 
spore suspensions were placed in 22 x 175 mm culture 
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tubes that were plugged with cotton. These were then 
irradiated, following which thermal-death time tests 
were conducted by immersing the tubes to a depth of 
approximately 100 mm in water boiling at 99 C. Sam- 
ples for counting were pipetted from the tubes and 
transferred to dilution water at the proper intervals. 
The number of viable spores was then determined by 
dilution counts as previously described. 

The second series of tests determined whether pre- 
heating sensitized the spores to subsequent irradiation. 
For this purpose, aliquot portions of a spore suspension 
were placed in each of three culture tubes like those 
previously described. Two of the tubes were immersed 
to a depth of approximately 100 mm in boiling water; 
the first was removed after 8 minutes and the second 
after 25 minutes; the third was an unheated control. 
All three tubes of spore suspensions were then irra- 
diated with gamma rays from cobalt-60 at the rate of 
170,000 rep! per hour. The temperature of irradiation 
was not controlled and varied from 5 to 17 C as the 
temperature of the irradiation room changed with the 
season. At the end of every hour, irradiation was inter- 
rupted for about 10 minutes while samples were 
pipetted from each tube for spore counting. When 
the spores were suspended in “solid” gelatin, it was 
necessary to melt the gelatin by immersing the tube in a 
waterbath at 50 C before a sample could be removed. 
The gelatin was resolidified by plunging the tube into 
ice water. 

Because the temperature of the spore suspensions 
did not rise instantly to 99 C when the culture tubes 
were placed in boiling water for a thermal-death time 
test, it was necessary to compute the effective spore- 
killing time at some convenient temperature in order 
that the results could be properly evaluated. A modi- 
fication of Halvorson’s procedure (Personal communi- 
cation, 1946) was used for this purpose, and 99 C was 
selected as the temperature for initial evaluation of the 
data. Since it is expected that Halvorson will soon pub- 
lish a detailed description of his procedure, only a 
sample calculation is presented here. The Z? value of 


! One rep is a dose of ionizing radiation capable of producing 
energy absorption of 93 ergs per gram of tissue. Ferrous-ferric 
dosimetry was used for calibration, the readings being based 
on the oxidation of 15.4 micromols of ferrous ions per liter per 
1,000 rep. 

2Z= that number of degrees Fahrenheit temperature 
change required to cause a tenfold alteration in the killing rate. 
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ad Fig. 1. Curves showing the time-temperature relationship and the effective spore killing times at 99 C for 25 ml of a water sus- 
pension of Clostridium botulinum spores in a cotton stoppered, 22 x 175 mm Pyrex glass culture tube immersed to a depth of 
100 mm in water boiling at 99 C. 
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Fig. 2. Relative spore killing effectiveness for 1 minute heating at any temperature to 1 minute heating at 99 C based 
upon a Z value of 18. 
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TABLE 1. Effective heating time at 99 C for 25 ml of a spore 
suspension contained in a cotton-stoppered, 22- x 175-mm 
test tube immersed to a depth of 100 mm in water boiling 


at 99 C 
Avg Temp ani F ofactive Total 
pen fas Eetervel =" et Time at 99C Time at 99 c 

min min min min 
1.0-1.5 $2.0 0.5 G.02 0.010 0.010 
1.5-2.0 90.0 0.5 0.125 0.063 0.073 
2.0-2.5 94.1 0.5. | 0.32 0.160 0.233 
2.5-3.0 96.2 0.5 0.52 0.260 0.493 
3.0-3.5 97.3 0.5 0.67 0.335 0.828 
3.5-4.0 97.8 0.5 0.76 0.380 1.208 
4-5 98.1 1.0 0.79 0.790 1.998 
5-8 98 .2 3.0 0.82 2.460 4.548 
8-11 98.3 3.0 0.84 2.520 6.978 
11-12 98.4 1.0 0.86 0.860 7.838 
12-14 98.5 2.0 0.87 1.740 9.578 
14-15 98 .6 1.0 0.91 0.910 10.488 
15-90 98.7 75.0 0.93 69.750 80.238 


changes occurring in the spore suspensions contai.ed 
in the culture tubes versus the time of immersion of ‘he 
tubes in water boiling at 99 C is shown in Curve | A) 
of figure 1. Next, the linear plot of effective spore-killing 
time factor at 99 C is plotted in figure 2 as a function 
of temperature. Using information obtained from these 
figures, the data in table 1 was computed and Curve 
(B) in figure 1 was plotted. This curve related the total 
effective spore-killing time at 99 C to any actual time 
that the culture tubes were immersed in water boiling 
at 99 C. 


RESULTS AND Discussion 
Data presented in table 2 and figure 3 show that 
preirradiation of Clostridium botulinum 62A spores with 
gamma rays from cobalt-60 sensitized these spores to 
subsequent heat inactivation. In every case, whether 
the spores were suspended in phosphate buffer, nu- 
trient broth, or gelatin, they were more rapidly killed 


TaBLE 2. Effect of preliminary irradiation with gamma rays from cobalt-60 on the subsequent 
heat resistance of Clostridium botulinum strain 62A spores 


a ae am Control 
. 5 - |Equivalent Time at 
Heating Time, min Equi bee a . 


Spores per ml 


] 
Per cent survivors |Log per cent survivors Spores per ml 


Irradiated 


| Per cent survivors |Log per cent survivors 
| { 


a) Suspended in m/15 phosphate buffer at pH 7.0. Run 5 (340,000 rep) 








1,280,000 100.00 2.0000 440 , 000 100.00 2.000 

10 6.1 92, 500 21.00 1.323 
20 15.23 218,000 17.01 1.231 25,570 5.85 0.768 
30 | 24.53 7,050 1.60 0.204 
40 33.83 60 , 600 4.74 0.676 2,850 0.648 —0.198 
50 43 .20 448 0.102 —0.991 
60 52.40 22,750 1.775 0.252 160 0.354 —1.451 
70 61.70 56 0.0127 —1.896 
80 71.03 7,000 0.546 —().262 14 0.00318 —2.497 

b) Suspended in nutrient broth at pH 6.7. Run 19 (500,000 rep) 

0 0 910,000 100.00 2.0000 410,000 100.0 2.0000 
15 16.8 220 , 000 24.20 1.3838 78,000 19.0 1.2788 
30 24.6 112,000 12.31 1.0903 6,000 1.462 0.1650 
45 37.5 54, 500 6.00 0.7782 775 0.189 —0.7235 
60 52.4 19,000 2.09 0.3202 290, 0.0705 —1.1518 
75 66.3 12,600 1.385 0.1415 30 0.00732 —2.1355 

c) Suspended in 10% gelatin at pH 7.0. Run 31 (500,000 rep) 

0 0 6,870,000 100.0 2.000 3, 200,000 100.0 2.000 
15 10.8 3,050,000 44.4 1.647 840,000 26.2 1.418 
30 24.6 630 , 000 9.18 0.963 37,000 1.1155 0.048 
45 38.5 104,000 515 0.181 1,650 0.0515 —1.288 
60 52.4 14,000 0.204 —0.690 155 0.00485 —2.314 
75 66.3 2,250 0.03275 —1.485 20 0.000625 —3.204 
90 80.3 700 0.01020 —1.991 5 


C’. botulinum spores was taken as 18 and it was assumed 
that withdrawal of a sample by pipetting instantly 
cooled the spores to a temperature below that significant 
for their inactivation. Hence, only the actual times 
that the spores were heated in the test tubes were con- 
sidered in the computations. A plot of the temperature 


0.000156 —3.807 


by subsequent heating than were the unirradiated 
spores. Table 3 and figures 4 and 5 show similar data 
for the spores of C. botulinum 213B. 

Table 4 and figure 6 show that initial heat shocking of 
C. botulinum 213B spores, suspended in gelatin, did not 
affect the lethal action of subsequent irradiation with 
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Fig. 3. Effect of preliminary irradiation with gamma rays from cobalt-60 on the heat resistance of Clostridium botulinum 62A 
spores suspended in M/15 phosphate buffer at pH 7.0. 


TABLE 3. Effect of preliminary irradiation with gamma rays from cobalt-60 on the subsequent heat resistance of Clostridium botulinum 


strain 213B spores 


| Per cent survivors | Log per cent survivors Spores per ml | Per cent survivors 


M/15 phosphate buffer at pH 7.0. Run 14 (500,000 rep) 


2.0000 35,000 


y 
1.4579 1,400 
1 


0.8470 
0.5092 
0.1405 


b) Suspended in nutrient broth at pH 6.7. Run 15 (500,000 rep) 


2.0000 129,000 


1.2742 6,600 
0.8780 1,040 
0.3838 

—0.0783 

—0.6497 


c) Suspended in 10% gelatin at pH 7.0. Run 28 (900,000 rep) 
2.000 124,000 
1.601 4,200 


1.169 
0.815 
0.288 
—0.076 
—0.667 
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Fig. 4. Effect of preliminary irradiation with gamma rays from cobalt-60 on the subsequent heat resistance of Clostridium 
botulinum 213B spores suspended in nutrient broth at pH 6.7. 
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Fic. 5. Effect of preliminary irradiation with gamma rays from cobalt-60 on the subsequent heat resistance of Clostridium 
botulinum 213B spores suspended in 10 per cent gelatin at pH 7.0. 


350 








1955] 


3S 


LOG % SURVIVORS 


F 
quel 
spor 


gan 
tail 
spo 
we 
rul 
the 
pel 
are 
bo 


pr 
ce 


of 


T 





si Shabir as ae 















































3,00 
| RUN 29 |O CONTROL 
| |O HEATED 8 MIN 
A HEATED 25 MIN 
2008— 
Oo 
3 
| Oo A 
n | ne 
ra A 
= | 
ra { 
> .~«COOD or 
” | 
3s | 
© | 
eS 4 
“ae 
O 
-200 
| 
| 
| | | 
-300 | | | 
O 4 8 F I? 16 
REP x 10° 


Fic. 6. Effect of preliminary heating at 99 C on the subse 
quent radiation resistance of Clostridium botulinum 213B 
spores suspended in 10 per cent gelatin at pH 7.0. 


gamma rays from cobalt-60. Similar data were ob- 
tained for both C. botulinum strains 62A and 213B 
spores in all three suspending media. The plotted data 
were abbreviated to illustrate only a portion of the 
runs shown in the tables. For example, although only 
those curves for C. botulinum strain 213B spores sus- 
pended in nutrient broth and irradiated at 500,000 rep 
are included, complete data were taken for these spores 
both in phosphate buffer and in 10 per cent gelatin. 
Because all the spores used in this work had been 
preheated at 85 C for 15 minutes to kill the vegetative 
cells, it was considered desirable to evaluate the effect 
of such treatment on the results. For this purpose, 
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both unheated C. botulinum 213B spores and some 
that had been heated at 85 C for 15 minutes were sus- 
pended in M/15 phosphate buffer at pH 7.0. A portion 
of each was set aside for a control, and the other por- 
tion was irradiated with 250,000 rep of gamma radiation 
from cobalt-60. Thermal-death time tests were then 
performed on the four samples. Both the preheated 
and the unheated spores exhibited the sensitization 
effect shown in figure 3 for C. botulinum 62A spores 
and there was no significant difference between the 
thermal-death time curves obtained from the two series 
of runs. 

For purposes of comparison, the F,° value of the 
spores was assumed to be that number of minutes at 
250 F required to cause the thermal-death time curve 
to pass through eight logarithmic cycles. Also, the Z 
value was taken as 18. Thus, when C. botulinum 213B 
spores were suspended in gelatin and were then irra- 
diated with 900,000 rep of gamma rays, approxi- 
mately 74 minutes were subsequently required at 99 C 
to cause the log per cent survivor curve to pass through 
8 logarithmic cycles. This time interval was then con- 
verted to the Fy value in the following manner: 


Qi = (Qa) 

but for Z = 18 

log Qi = log 10 = 1 
and for 250 F (121.1 C): 
At = 121.1-99 = 22.1 C 


SO: 
10 
A ga Mee 
and: 
Qa. = 162.1 
Thus the Fo value equivalent to 74 minutes at 99 C is: 


74 


—— = ().456 minutes. 
162.1 


3 Fy = number of minutes required to sterilize the medium 
at 121.1 C. 


TaBLE 4. Effect of preliminary heating at 99 C on the subsequent radiation resistance of Clostridium botulinum 213B spores suspended 
in 10 per cent gelatin at pH 7.0 


Control 
Megarep } 
Spores per ml Lech mec ped im | Spores per ml 

0.00 1, 100,000 100.000 2.000 480, 000 
0.34 635, 000 57.700 1.762 255, 000 
0.68 210,000 19.100 1.281 186,000 
0.85 81,000 7.360 0.868 54, 500 
1.02 14,700 1.336 0.113 16,700 
1.19 3,600 0.328 —0.485 3,000 
1.36 150 —1.388 550 


0.041 





(Data of Run 29) 


Heated 8 Minutes 


Heated 25 Minutes 
Per cent 


= —— : 
Log per cent | Log per cent 


Neo jcc Spores per ml Per cont: tt CERES 
survivors survivors survivors survivors 
100.000 2.000 184,000 | 100.000 2.000 
53.100 1.726 200, 000 108.800 2.037 
38.700 1.588 77,000 41.800 1.612 

11.300 1.055 33, 500 18.200 1.260 
3.480 0.542 10,300 5.590 0.747 
0.625 —0.204 2,060 1.118 0.048 





0.114 —0.941 155 0.084 —1.085 
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On this basis, when C. botulinum 213B spores were 
suspended in gelatin and were then irradiated with 
900,000 rep of gamma rays, their Fy value was re- 
duced from 1.48 to 0.46. If the lethal effect of the 
preliminary irradiation with 900,000 rep is included in 
the over-all effect, the Fy value could be considered to 
have been still further reduced to 0.35. This represents 
approximately a fourfold reduction in the Fy value. 
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SUMMARY 


Preirradiation with gamma rays from cobalt-60 se:- 
sitized the spores of Clostridium botulinum to the 
subsequent lethal action of heat, but preliminary heat 
shocking at 99 C did not affect the lethal action of 
subsequent gamma irradiation. 

Increased amounts of gamma radiation caused in- 
creased degrees of sensitization to the subsequent lethal 
action of heat. This was evidenced by the increasing 
steepness of the thermal-death time curves developed 
with those spores that received increasingly higher 
dosages of gamma radiation. 

The Fo value of Clostridium botulinum spores could 
be reduced approximately fourfold by preirradiation. 
The amount of this effect was found to be less in gelatin 
and nutrient broth than in phosphate buffer. 
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The presumptive test for the determination of 
coliforms in food products is based on the inoculation 
of tubes of lactose broth with specified amounts of the 
material (A.P.H.A., 1946). Fermentation of the sugar 
with formation of gas indicates a positive presumptive 
test for coliforms. This test was originally developed 
for the examination of water and milk samples, but in 
recent years it has been used for the examination of 
many food products regardless of differences in their 
chemical composition. With the phenomenal develop- 
ment of frozen concentrated orange juice, the presump- 
tive test has been widely employed by regulatory and 
industry laboratories in the examination of these prod- 
ucts for coliforms. 

Orange juice is a complex mixture of chemicals in- 
cluding carbohydrates, free amino acids, vitamins, 
enzymes, and other compounds. For example, approxi- 
mately 76 per cent or higher of the soluble solids of 
orange juice is carbohydrate. McCready et al. (1950), 
using chromatographic techniques, found that most of 
this carbohydrate is sucrose, dextrose, and levulose in 
the ratio of 2:1:1. Therefore, an orange juice contain- 
ing 10 per cent, or more, of these fermentable sugars is 
not uncommon. 

When 10 ml of lactose broth is inoculated with 1 ml 
of orange juice, two-thirds of the sugars in the inocu- 
lated broth may be other than lactose. It is not im- 
probable that gas produced in such tubes could result 
from the fermentation of the sugars from the juice by 
microorganisms which are unable to attack lactose. It 
is a common experience for the citrus products micro- 
hiologist to find high presumptive coliform indices in 
orange samples which are either negative for the com- 
pleted coliform test or have a low coliform index. 
Martinez and Appleman (1949) noted that a large 
number of positive presumptive tests resulted when 
coliform determinations were run on 62 samples of 
frozen orange juice from which no coliforms were iso- 
lated. Although they did not discount the possibility 
that fermentation of the orange juice sugars might 
have caused some of their spurious results, they 
attributed many of their positive presumptives to 
lactose-fermenting yeasts which produced a sheen on 
eosin-methylene blue agar. 

1 Western Utilization Research Branch, Agricultural Re- 
search Service, United States Department of Agriculture. 


Wolford (1950) found that the presumptive coliform 
index in 78 out of 79 samples tested was more than ten 
times the completed index obtained. In a later study, 
Wolford (1954) obtained 2,232 positive presumptives 
out of a total of 3,422 lactose broth tubes inoculated 
with orange juice or surface rinses of oranges. False 
positives accounted for 1,297 of the 2,232 positives. 
Fermentation of the orange juice sugars was postulated 
as playing a part in the production of the many false 
positive presumptive tests. 

The present paper reports on an investigation under- 
taken to determine the extent to which fermentation 
of the sugars and/or other substances in the juice may 
play a part in the presumptive test for coliform or- 
ganisms in orange juice. 


EXPERIMENTAL METHODS 


Commercial, unheated frozen orange concentrate was 
reconstituted to single strength with sterile water con- 
taining sufficient NaOH to raise the pH of the juice to 
6.0. Standard lactose broth and nutrient broth fer- 
mentation tubes were inoculated in parallel with 1-ml 
and 0.l-ml amounts of the reconstituted juice, and 
incubated at 37 C for 48 + 3 hours. Nutrient broth 
was compared with lactose broth, the standard pre- 
sumptive coliform medium, because it differs from the 
latter only in that it contains no fermentable sugar and, 
therefore, any gas produced in the tubes of the former 
must come from fermentation of the constituents of 
orange juice. Material from gassing tubes was streaked 
on Levine’s eosin methylene blue agar plates which 
were incubated overnight at 37 C. Typical coliform or 
coliform-like colonies were transferred to lactose broth 
fermentation tubes and to nutrient agar slants. Gas 
production after 48 + 3 hours at 37 C by gram nega- 
tive, nonsporulating rods confirmed the presence of 
coliform bacteria. This conforms to the procedure 
prescribed for the completed coliform test in Standard 
Methods for the Examination of Water and Sewage 
(A.P.H.A., 1946). 


RESULTS AND DiIscuUSSION 
Gas was formed in both the lactose and nutrient 
broth tubes. The results obtained are shown in table 1. 


While gas was produced in more lactose broth tubes 
(57.6 per cent) than in nutrient broth tubes (53.2 per 
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TaBLE 1. Comparison of lactose and nutrient broths for 
presumptive coliform determination in orange juice 


Lactose Broth Nutrient Broth 








Volume of Se ee te > ee 
Total Tubes 78 a 
Inoculum * preted Confirmed} eae. Confirmed 
teek coliforms pecs coliforms 
ml | 
1 - 125 106 | 30 es | 21 
0.1 125 38 18 40 | 14 
Potal....... 250 144 48 133 35 








cent) the difference is not great, being little, if any, 
greater than differences inherent in the experimental 
method. In both media, positive presumptive tests 
greatly outnumbered the completed tests when the 
analyses were carried through the latter step. The 
somewhat higher recovery of coliforms from lactose 
broth indicates that lactose may exert an enriching 
action which favors growth of the coliforms. However, 
the fact that gas was produced in both media indicates 
that, when coliform determinations are run on orange 
juice, positive presumptive tests do not necessarily 
indicate that coliforms are present or even that lactose 
has been fermented. 

In water analysis, it is permissible to confirm only 
the positive presumptives in the two highest dilutions 
and to assume that coliforms are present in all gassing 
tubes of the lowest dilution of the recommended dilu- 
tion series described in Standard Methods for the Exami- 
nation of Water and Sewage 9th ed., paragraph C of the 
section on Coliform Determinations (A.P.H.A., 1946). 
However, when orange juice is tested for its coliform 
index, all positives should be confirmed. Spurious re- 
sults may be obtained when nonlactose fermenters, such 
as yeasts and heterofermentative lactobacilli, attack 
the sugars of orange juice. Martinez and Appleman 
(1949) observed that occasionally lactose-fermenting 
yeasts will give false positive presumptive tests. 
Microscopic examination, prescribed in the completed 
coliform test, precludes the confusing of such organisms 
with coliforms, and the completed coliform test should 
always be made when the coliform index of orange 
juice is determined. 


E. R. WOLFORD 
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Hunter (1939) wrote that “determination of the 
presence of coliform organisms does serve a very us»ful 
purpose when there has been sufficient study of the 
methods of production and handling of the class of food 
product under control to lay the basis for interpreta- 
tion of the significance of members of the coliform 
group as a whole or of genera or species within the 
group. Until this basis is laid, the very ubiquity of the 
group places a handicap upon the interpretation of 
results obtained by laboratory examination.” To date, 
the literature on sources and significance of coliforms 
in frozen citrus products is too limited to ascribe any 
indisputable significance to coliforms in the products. 
Sanitation methods practiced in the production of 
frozen, concentrated orange juice are, for the most part, 
thorough and comprehensive (Beisel, 1951; Brokaw, 
1952). Even so, many anomalous results are found by 
every worker who has investigated coliform bacteria in 
frozen citrus products and one wonders about the value 
of applying the coliform test to the product. However, 
if it must be applied, the preceding results indicate 
that attaching any great significance to the presump- 
tive coliform test in orange juice shows a disregard for 
the chemical nature of the product. 
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In view of the generally acknowledged importance of 


’ hvdrogen-ion concentrations in the culture of bacteria, 
é 2 


it is rather surprising that few studies have been done 
with culture methods in which pH is controlled at 
fixed levels. The academic and practical values of data 
thus obtained are obvious and it seems that technical 
difficulties may have inhibited extensive work of this 
kind. 

Longsworth and MacInnes (1935) described a func- 
tionally satisfactory apparatus for pH control but 
their work was done at a time when electrical measure- 
ment of hydrogen-ion concentration was in its infancy. 
It is probable that one not well versed in electronics 
would be discouraged by the technical aspects of 
assembling equipment of the kind they employed. 


MATERIALS AND METHODS 

The basic features of the apparatus described in the 
present paper are those of Kempe, Halvorson, and 
Piret (1950); however, these authors did not work with 
pure cultures and many essential procedures entailed 
were therefore omitted from their paper. 

To aid in further work on the culture of microor- 
ganisms under conditions of controlled pH, a detailed 
description of an apparatus and a technique suitable 
for experimental work are submitted. 

The apparatus consists essentially of a recorder, an 
amplifier, glass and calomel electrodes, a culture vessel 
containing a mechanically operated stirring bar, and an 
alkali reservoir with a solenoid actuated delivery valve. 
Accessory equipment includes a pressure sterilizer, 
electric heating unit, and electric incubator. The 
specifications and sources for the equipment are given 
in detail to facilitate purchase, construction, and 
assembly. The assembled apparatus is shown in figure 1. 

Recorder. Pyromaster potentiometer (model 531-42, 
the Bristol Co.?), range 3-10 pH, 115 V, 60 cycles, 
0-50 MV. The factory was requested to alter the ma- 
chine from proportional input to on-off response. 

Amplifier. RX pH amplifier with automatic control 
(model 9001, Beckman Instruments, Inc.*). A resistance 

‘This paper is part of a thesis submitted to the Graduate 
School of Washington State College in partial fulfillment of 
the requirements for the degree of Master of Science in Bac- 
teriology and Public Health. 

2 Bristol Company, Waterbury, Connecticut. 

3 Beckman Instruments, Inc., Fullerton, California. 


thermometer (Beckman model* 8950-72) was connected 
with the amplifier. 

Voltage stabilizer. (Not shown in figures.) A rather 
labile source of alternating current necessitated the 
interposition of a voltage stabilizer between the re- 
corder and the line. (Raytheon* model VR6112 CP.) 

Glass electrode. General purpose, heat resistant, glass 
electrodes (Beckman model 8990-80)* and amber glass 
electrodes (Beckman model 8990-90)? were equally 
satisfactory. These electrodes may be sterilized with 
steam at 10 to 15 pounds pressure. A piece of black 
rubber tubing 22 mm long and of proper inside diam- 
eter to fit over the electrode (variable diameter) is 
forced upward to the base. The outer surface of the 
tubing is fitted to the inside of a Pyrex test tube (16 
mm inside diameter). The base of the electrode is 
packed into the electrode adapter (87566) by means of 
the electrode clamping nut (87571). A 10-foot lead is 
furnished. 

The resistance of electrodes to the heat of steam 
sterilization is quite variable. Some electrodes were 
ruined by one sterilization while others withstood as 
many as 15. We used 8 electrodes in performing 82 
experiments. 

It was found that the sterilization process described 
was not only more convenient, but less destructive 
than sterilization in an autoclave. The electrodes were 
scrubbed with detergent before sterilization and the 
pressure was carefully limited to 10 pounds and main- 
tained for 15 minutes. These precautions which were 
most rigorously adhered to in later experiments were 
thought to increase the “‘life’’ of the electrodes. We 
now feel that an electrode can be used in from 10 to 15 
experiments. 

Calomel electrode. The calomel electrode (Beckman 
model 8970-92)? was furnished with a 10-foot lead. An 
agar bridge for use with this electrode was constructed 
by bending 8-mm OD glass tubing into the shape of 
three sides of a square. Each of the arms was cut to a 
length of 165 mm, and the ends were fire polished. A 
bell-shaped skirt was made for one arm by cutting 
a short length of rubber tubing which was slipped up the 
arm to a distance of 130 mm. A longer piece of rubber 

tubing of larger diameter was placed over the shorter 


‘Raytheon Manufacturing Company, Waltham, Massa- 
chusetts. 
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Fic. 1. Complete assembly for culture with controlled pH. A resistance thermometer (not depicted elsewhere) is shown in the 
far right corner of the incubator. A lamp for transillumination of the culture vessel is partially visible behind the vessel. 


and smaller piece to form the bell skirt. This tubing 
was selected to make a close fit over 17-mm Pyrex 
tubing 46 mm long. 

Cultural vessel. A 600-ml Berzelius beaker (Corning 
Glass Co.,° No. 1040, tall form without spout) was 
fitted with a No. 14 rubber stopper cut to a thickness 
of 24 mm. The top of the stopper was thus nearly 
flush with the rim of the vessel and permitted insertion 
of the electrodes to a depth of 4 cm into the medium. 
The stopper was drilled to accommodate the following: 
(1) An inoculation tube of Pyrex tubing, 11 mm OD by 
102 mm long (figure 4, no. 1). (2) An agar bridge sup- 
port cut from Pyrex glass tubing of 12 mm OD by 70 
mm long (figure 4, no. 2). (3) A glass electrode sleeve 
(figure 4, no. 3) to accommodate the glass electrode 
made by taking the upper 27 mm of a Pyrex culture 
tube 18 mm OD. (4) An alkali addition tube (figure 4, 
no. +) cut from capillary tubing, 7 mm OD, with a bore 
of 1.75 mm. The length of this tube was 80 mm. The 
bore was tapered by drawing the tubing in a flame to an 
inside diameter of 0.75 mm. The tube was fitted at the 
top with a 60-mm section of 14-inch rubber tubing. 

All of the tubes except the alkali addition tube were 


* Corning Glass Works, Corning, New York. 


inserted into the holes in the rubber stoppers so that 
the lower ends were nearly flush with the bottom of the 
stopper. The alkali addition tube protruded approvi- 
mately '4 inch. Glass caps were cut from test tubes of 
suitable diameter to fit over the tops of all tubulations 
except the glass electrode sleeve which was plugged 
with wrapped cotton for sterilization of the unit. 

Magnetic stirrer. A 1 x 14 inch Alnico® stirring bar 
sealed in ‘Teflon’? was placed in the beaker with the 
medium prior to sterilization. The magnetic stirrer used 
most frequently was a ‘Mag-Mix’” made by the 
Precision Scientific Company.’ 

Sterilizing unit. The lid of a 16-qt. Presto cooker, 
manufactured by the National Pressure Cooker Com- 
pany,° was drilled and tapped for a 19-inch male pipe 
fitting. The hole was drilled about 2'5 inches from the 
center of the lid. The tapped hole accommodates the 
electrode adapter of the glass electrode which is 
tightened by means of a wrench. It was found advisable 
to prepare a lid holder to facilitate placement of the 

* General Magnetic Corp., Detroit, Michigan. 

‘EK. 1. duPont de Nemours & Co., Wilmington, Delaware 

* Precision Scientific Company, Chicago, Illinois. 


* National Pressure Cooker Company, Eau Claire, Wis- 
consin. 
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Fig. 2. Glass electrode sterilization unit 


lid on a bench with the electrode in place. Construction 


_of the holder can best. be understood by referring to the 


photograph (figure 2). An electric hot plate was used 
as a source of heat. 

Alkali buret and automatic solenoid valve. The buret is 
a modification of one used by Longsworth and Mac- 
Innes (1935). The one used by us is obsolete and 
wlikely to be generally available, but the principle of 
construction may be applied to other cylindrical sepa- 
ratory funnels. A funnel of 125-m]l capacity graduated 
in 1-ml units (Kimble,’® catalog No. 29040) was used. 
The inside bottom shoulder of the funnel was ground 
with valve grinding compound to form a seat for a gray 
rupber stopper. The stopper was tapered to fit the 
seat by grinding it on a high-speed grinding tool. A 
hole was cut in the stopper to accommodate a glass rod, 
5mm by 240 mm, which passed through a short length 
of 8-mm glass tubing set in a No. 3 rubber stopper at 
the top of the funnel. The upper end of the glass rod 
was inserted into a short length of rubber tubing and 
an aluminum rod was inserted into the other end of the 
tubing. The aluminum rod was coupled with a cotter 
key to a solenoid plunger made from a metal rod and 
substituted for the adjusting screw of the solenoid. 
The solenoid used by us is a “Sporlan’’! type 73 P 
(11 watts, 115 V, 60 cycles). Spacers were inserted to 
obtain the desired travel (54,’’) of the rod. 

The side arm tubulation of the sleeve in the upper 
stopper is shown in the figures. The purpose of the 
tubulation was to admit air and thus permit free flow 
of the alkali, but it was not necessary for the purpose. 
A stopcock on the stem of the buret permits adjust- 
ment of the rate of flow. This reservoir and valve ap- 
paratus has a minor disadvantage in that the glass rod 
valve stem displaces the liquid (2.5 ml at: 100 ml) to an 
amount proportional to the volume of alkali in the 
buret and thus causes slight errors in reading. 


Incubator. It is evident that any incubator with 


Kimble Glass Company, Toledo, Ohio. 
'Sporlan Valve Company, Palisades Park, New Jersey. 
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forced circulation and of adequate size may be used. 
It is only necessary to cut a hole in the wall to admit 
the various wire leads. The Cenco'® incubator, No. 
46023, was found suitable for the assembled apparatus 
as depicted in the figures. The total height of the 
apparatus was 30 inches. 

Grounding of machine. The instruction manuals em- 
phasize that troubles and complaints are often trace- 
able to improper or insufficient grounding of equipment. 
Inasmuch as circumstances of installations will vary, 
no specific instructions for wiring will be given here. 
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Fig. 3. Culture unit assembly 


Three groundings must be made: (1) the measuring 
circuit ground; (2) the case ground; (3) incubator 
ground. 

The measuring circuit and the measuring circuit 
ground can not be put on the same conduit because of 
the possibility of induced voltage. Insulation must be 
dry to avoid electrical leakage and the grounding sys- 
tem must be free of applied potential. Tight connec- 
tions are necessary to eliminate contact resistance. 

Preparation of apparatus: calibration. Prior to each 


2 Central Scientific Company, Chicago, Illinois. 
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use, the recorder and amplifier are systematically 
checked for calibration following the instructions in the 
manual furnished by the manufacturer. Ordinarily no 
difficulties or delay are anticipated or encountered, and, 
therefore, adjustments are made as time permits on the 
day of use. Two commercial buffer standards with 
different pH values are used in standardization. 

Sterilization of glass electrode. The stored electrode is 
removed from distilled water and the lead wire is 
passed upward through the adapter aperture of the 
pressure cooker lid. The electrode adapter is inserted 
into the threaded aperture and tightened with a wrench. 
A small wire basket containing an open test tube (16 
mm inside diameter) is placed in the cooker and 500 
ml of water are poured into the cooker. The lid is then 
firmly sealed and placed on a hot plate until steam 
emerges from the open petcock, which is then closed. 
When 10 pounds of pressure are indicated on the dial, 
the petcock is opened very slightly and the temperature 
of the plate adjusted to maintain that pressure (not 
over 15 pounds). After the pressure has been main- 
tained for 15 minutes, the heat is turned off and the 
entire apparatus allowed to cool until the electrode is 
needed. 

Medium. A medium of the kind desired is prepared 
as usual and adjusted to a pH near the desired level. 
Four hundred and twenty-five milliliters are put into 
the culture vessel and a Teflon coated magnetic bar is 
dropped in. The vessel is sealed as shown in figure 4 
Tabulation '°4. Flubber adsptor sleeve 


tor insertion of Burette stent. 
OD. tub. 


wm. O-D. 7 
Bp | Ttbulstion N° 1. for moculation and sa 
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mpling 


Tubulation W° 2. for agar bridge. 
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Fic. 4. Culture vesse! assembled for sterilization 
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and autoclaved. Final fine adjustment of pH of 4 
media may be done with the entire apparatus tully x 
sembled by manual operation of the switches 






of the 






magnetic stirrer and the solenoid valve of the burs 
Alternatively, and especially if acid is needed to obtgj 





a lower pH, pipetting may be done through on: 






of the 
tubulations of the vessel for both addition of reage); 
and pH determination on a sample. The latter techniqy: 











using another potentiometer has the advantage thy 
standardization of the unit electrodes may be done }y 
comparison of readings on the two potentiometers. — 

We have not found it necessary to sterilize the | 
solutions of sodium hydroxide or hydrochloric acid. 

Agar bridge. A gel containing 3 per cent agar and | 
per cent sodium chloride is prepared and 30-ml yo. 
umes are distributed while hot into 50-ml Erlenmeye; 
flasks. These flasks are capped and autoclaved ani 
may be stored until used. When needed, the two end 
of the agar bridge tube are placed on the gel in two such 
flasks and the distal end, that is, the end with the skin, 
is wrapped with paper. The assembly is autoclave! 
with the bottoms of the flasks on a horizontal plane 
In the process, air contained in the tube is displaced }y 
melted agar. An occasional large bubble entrained in the 
tubing can be removed by tilting the assembly. Small 
bubbles may be left in place. The bridge and the cul- 
ture vessel are cooled to about 37 C before joining. 

Assembling the apparatus. When the pressure cooker 
is cooled, and all pressure has been released, the lid is 
removed and, immediately upon opening the cooker, 
the test tube sterilized with the glass electrode is 
placed over it to maintain sterility. The electrode is 
removed with a wrench. The test tube is then re- 
moved and the electrode inserted into tubulation No. 3 
(figure 4). 







































































The sterile wrapping is removed from the agar bridge 
assembly which is then inserted into tubulation No. 2 
of the culture vessel. 











The apparatus assembled thus far is placed on a mag- 
netic stirrer in the incubator. The stem of the alkali 
reservoir buret is flamed thoroughly and inserted into 
the rubber tubulation (figure 4, no. 4) of the culture 
vessel. 

The proximal end of the agar bridge is placed in a 
200 x 25 mm tube and submerged to a depth of about 8 
em in saturated KCl solution. An excess of KCl crys- 
tals is placed in the tube. The calomel electrode is then 
placed in the tube to a submerged depth of about 5 cm. 
No support is needed as the base of the electrode is 
wedged between the bridge and the tube. 

All electric wires are passed through a hole in the 
wall of the incubator and are connected to appropriate 
jacks and current outlets as follows: (1) The incubator 
power wire is connected to an A.C. 110 V line outlet; 
(2) the magnetic stirrer and the solenoid valve of the 
buret are connected to the “input” electric control of 
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the recorder; (3) the plugs of the calomel and glass 
electrodes are inserted into the appropriate jacks of the 
amplifier; (4) the resistance thermometer bulb wires 
are inserted into the appropriate jacks of the amplifier. 
Jacks for insertion of the above leads are labelled on 
the machine. Wires of the calomel electrode and the 
resistance thermometer are usually left in place be- 
tween runs. The lead of the glass electrode is the only 
one which must be passed through the hole in the in- 
cubator for each operation of the apparatus. 
Inoculation. Inoculation is done with a pipette by 
introducing it through tubulation No. 1 of the stopper 
of the culture vessel. We used an inoculum of washed 
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and detoxified spores deposited below the surface of 
the medium. 

Operation. A Bristol Recorder Chart*(No. 50012) is 
used for graphic record of pH. The instruction manual 
gives adequate directions for placing of the pen, inking, 
and so forth. The set point at which it is desired to 
maintain pH is determined by adjustment of a pointer, 
the “set point index” on the face of the dial, to the 
desired point. In most of the experiments, the pH of 
control was set only 0.1 or 0.2 units below the initial 
pH. 

Thereafter, operation of the apparatus is completely 
automatic, requiring only the changing of charts once 
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Fic. 7. A typical chart. Initial pH 7.0. Set point for control 
at pH 6.8. 


Fig. 8. A typical chart. Initial pH 7.0. Set point for control 
at pH 6.1. 
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every 24 hours and standardization of the recorder 
once a day (operational check). Directions for stand- 
ardization are given in the manual. 

Termination of operations. As a rule the apparatus was 
kept in operation for an arbitrary period of about 3 
hours after the last addition of alkali or in uncontrolled 
experiments for the same period after a base line of pH 
was reached. The pen is then lifted from the face of the 
chart and switches of both instruments are turned to 
the off position. The glass electrode plug is removed 
from its’ jack in the amplifier and the wire is drawn 
through the hole in the incubator. The electrode is left 
in place. The rubber adapter sleeve of tubulation No. 4 
is clamped off and the stem of the buret is pulled from 
it. The calomel electrode and the bridge are removed 
from the well but left in place in the culture vessel. 
The vessel is then free and can be taken to a “sterility 
room” for sampling. When samples are to be taken, the 
vessel is placed on a magnetic stirrer to insure homo- 
geneity of the contents. 


RESULTS 


Some typical charts obtained in experiments on the 
culture of Clostridium botulinum type C in yeast 
autolysate-lactalysate are shown in figures 6, 7, and 8. 
The inoculum consisted of about 60,000 spores in each 
case. When active vegetative cells are inoculated, acid 
production occurs earlier. It may be seen that control 
of pH is practical within from 0.1 to 0.2 pH units and 
we have considered this range sufficiently narrow for 
our purposes. The data obtained in many experiments 
will be submitted separately. 


DIscussION 


In our studies of cultures with controlled pH, we 
have obtained information which cannot be duplicated 
by ordinary culture techniques. The use of buffers does 
not afford comparable control. Furthermore, the range 
of action of a single buffer is not so wide as that of a 
machine control, and the use of different buffers intro- 
duces variables which may confuse the results obtained. 


MAX T. MckKiEE 
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Machine control of pH eliminates many of ‘he whe 
desirable features encountered with buffers aad th 
availability of commercial apparatus simplifies thd 


technical aspects of the problem. Too, the presey} 


availability of heat-resistant electrodes has made puree 
culture studies practical. A yeast autolysate-lactalysat; 
medium suggested by Wayne I. Jensen (Personal coy. 
munication, 1952) has further broadened the usefulnes 
of the apparatus inasmuch as strict anaerobes may | 
cultured in it from spore inocula without special pr. 
cautions for anaerobiosis. At the time our apparaty 
was devised we had not encountered the paper ¢j 
KXempe ef al. and we used the solenoid valve and 
gravity flow of alkali for adjustment of pH instead oj 
the pump described by them. The alkali addition ap. 
paratus was the one item which caused most trouble iy 
operation, and it is probable that a motor-drivey 
pump would be much more satisfactory. A peristaltic. 
action pump (American Instrument Co.,!* Bulletin 
2250-N) should prove adaptable to the requirements oj 
the work. 

The method of culture described here, while not so 
simple as ordinary techniques, is sufficiently simple for 
practical use on a laboratory scale. 


SUMMARY 


A laboratory unit has been devised for the con- 
tinuous control of pH in bacterial cultures grown under 
anaerobic conditions. Typical data are given for growth 
of Clostridium botulinum type C in the apparatus. 


Since this manuscript was submitted for publication we have 
used the peristaltic pump and have found it more satisfactory 
than the solenoid valve. 


REFERENCES 

Kemps, L. L., Hatvorson, H. O., anv Prret, EpGar L. 1950 
Iiffect. of continuously controlled pH on lactic acid fer 
mentations. Ind. Eng. Chem., 42, Pt. 3, 1852-1857. 
LOoNGswortH, Lewis G., anp MacInnes, D. A. 1935 Bac 
terial growth with automatic pH control. (A) An ap 
paratus. (B) Some tests on the acid production of Lacto 
bacillus acidophilus. J. Bacteriol., 29, 595-607. 


‘8 American Instrument Company, Silver Spring, Maryland. 





Ferme 


The g 
ferment 
collecti¢ 
strains, 
able wo 
taining 
present 
trially 
soil cu 
philiza 
of mu 
of the 
tural 
ture, | 
Th 
parts 
on th 
Strep 
prefi 
2800 
and 
ovel 
spec 
sists 
Pen 
tho 
are 
iso 


pre 











[Vor, 


j he ul 


« 


Presey 


ude purg 
talysatg 
1a] COM. 
elulnes 
May he 
‘Hal pre. 
Paratus 
per of 
Ve and 
tead of 
ion ap- 
uble jy 
drive 
staltic. 
ulletin 
‘nts of 


10t so 
le for 


COon- 
nder 
wth 


have 
‘tory 


1950 
fer 


ac 


ap- 
clo 


nd. 





id thy ; 
Ifies the q 








Maintenance of Cultures of Industrially 


Important Microorganisms 


W. C. Haynes, L. J. WickERHAM, AND C. W. HESSELTINE 


Fermentation Section, Northern Utilization Research Branch, Agricultural Research Service, U.S. Department of Agriculture, 
Peoria. Illinois 


Received for publication July 11, 1955 


The great increase in number and size of industrial 
fermentations has accentuated the value of maintaining 
collections of microorganisms, especially of production 
strains, assay organisms and related species. Consider- 
able work has been devoted to finding methods of main- 
taining cultures in a vigorous and stable condition. At 
present, the chief methods of preservation of indus- 
trially important microorganisms are by means of 
soil culture, agar slants, mineral oil overlay, and lyo- 
philization. Each method has a place in any collection 
of microorganisms and all are in use in the collection 
of the Northern Utilization Research Branch, Agricul- 
tural Research Service, U. S. Department of Agricul- 
ture, at Peoria. 

The NURB Culture Collection is organized in three 
parts. The first is devoted to bacteria with emphasis 
on the genera Pseudomonas, Leuconostoc, Bacillus, and 
Streptomyces. These cultures are designated by the 
prefix ‘““B” with the culture numbers, and total over 
2800 strains. The second part is concerned with yeasts 
and yeast-like organisms. These cultures, numbering 
over 2200, are designated by the ‘“‘Y” preceding their 
specific number. The last portion of the collection con- 
sists of filamentous fungi with emphasis on species of 
Penicillium, Aspergillus, and the order Mucorales, 
though many additional fungi of economic importance 
are included. This mold collection numbers over 2400 
isolates and can be recognized by the fact that no letter 
precedes the culture number. 

No list or catalogue of our cultures has been pub- 
lished. The primary reason for this is that we do not 
wish to enter into competition with other collections. 

In addition to the permanent cultures, the Collection 
has lyophil preparations of approximately 10,000 
strains of microorganisms in pure culture which are not 
intended to be permanent accessions. However, be- 
cause of the long viability of most lyophilized micro- 
organisms, nearly all are still living and represent a 
reservoir of readily available material. They have not 
been incorporated into the collection because their 

1 Presented in the Symposium on Maintenance of Cultures 
of Microorganisms at the 55th general meeting of the Society 
of American Bacteriologists held at New York City, New York, 
May 8-12, 1955. 


usefulness has not been shown, or else they are known 
to duplicate cultures already in the collection. 

The lyophil apparatus (figure 1) and the procedure 
used is essentially the same for all three groups of 
microorganisms (molds, yeasts and bacteria). A de- 
scription of the apparatus and an explanation of the 
procedure were given by Wickerham and Flickinger 
(1946). It will not be amiss to emphasize two special 
advantages of the NURB process. The first of these is 
the relative inexpensiveness of the lyophil apparatus. 
The main item of expense is the vacuum pump. It, 
however, is of a type generally found in microbiological 
laboratories. The rest of the equipment consists of 
items which either are available in 
or may be constructed fairly cheaply. The second ad- 
vantageous feature is the speed of the operation. We 
can routinely lyophilize 30 cultures in triplicate in a day 
(3 runs with our setup). An experienced operator can 
increase production to 40 cultures in triplicate (4 runs) 
on any day that he is free of other duties. 


all laboratories 


The Bacterial Cotlection 

The bacteria in the NURB Culture Collection were 
obtained, like the yeasts and molds, from other inves- 
tigators and by isolation by ourselves and our col- 
leagues. Not every strain received or isolated is Kept, 
but those which have unique characteristics or are of 
known use in agriculture or industry are kept for preser- 
vation. For instance, a complete series of microorgan- 
isms of proven reliability in microbiological assay for 
vitamins and amino acids is in the collection. Strains 
selected for their fermentative capacities and described 
in publications by members of the USDA are retained. 
For example Leuconostoc mesenteroides, NRRL B-512F 
and related strains useful in dextran formation; NRRL 
B-72, Acetobacter suboxydans which makes sorbose from 
sorbitol, and NRRL B-6bs; Pseudomonas sp. which 
oxidizes glucose to 2-ketogluconate and a-ketoglutarate. 
Strains of known utility discovered and described by 
others are also sought. 

If these were the only strains kept, the bacteria in 
the collection would number but a few hundred. The 
majority of strains are assembled because of their 
relationship to noteworthy strains. For instance over 
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Fig. 1. A simple apparatus for lyophilization of bacteria, yeasts or molds 


100 strains of leuconostocs which were acquired for 
comparison with NRRL B-512F are included. Another 
reason for keeping large numbers of organisms of un- 
proven usefulness in agriculture and industry is to 
have a collection of type strains helpful in identification 
of isolates which prove to be interesting. Thus the 
NURB collection contains the N. R. Smith Collection 
of aerobic sporeformers. Of course, all of these unproven 
strains constitute a reservoir from which may be 
selected organisms having unique and useful properties. 

Maintenance of 2800 strains even if not of diverse 
characteristics and requirements would be a tedious 
job. In the early days of the Collection all strains were 
varried on slants or in stabs and required transfer at 
least every three months, some strains even more 
frequently. Simultaneously with this method of main- 
tenance, a program of lyophilization was carried on. 
This relieved us in large part of anxiety about losing 
strains, but we had not the courage for several years to 
rely exclusively on lyophilization. In the course of time, 
however, we became convinced that lyophilized bac- 
teria were at least as safe as stocks kept in culture. Not 
more than one strain in a thousand failed to survive 
lyophilization. At length, we became aware of an ap- 
parently direct relationship between the numbers of 
cells subjected to lyophilization and the survivability 
of the preparation. Only in cases where the population 
was low did we experience failure. Furthermore, though 
we did not investigate the incidence of variation or 
mutation, we became convinced that this was not a 
problem with the organisms in our collection. On the 
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contrary, we have several times recovered from lyophil 
a culture capable of yielding a characteristic product in 
quantities comparable to those recorded at the time 
of lyophilization, while the progeny of the same ante- 
cedent culture had declined radically in productivity. 
For this reason it has been our custom, whenever any 
microorganism performs exceptionally well in any of 
its activities, to reisolate the microorganism and to 
relyophilize it. By so doing we expect to preserve its 
activities unchanged. 

For several years now we have relied exclusively on 
lyophilization for preservation of the bacteria including 
the actinomycetes. The only strains kept in culture are 
those in current use, and those which are frequently 
requested by other investigators. An exception to the 
general routine is the maintenance of the anaerobic 
sporeformers. Only a few such strains are included and 
they are kept in soil culture. Inasmuch as a single at- 
tempt to lyophilize them failed, it was not tried again. 
The streptomycetes and some of the aerobic sporeform- 
ers maintained in lyophil are also kept in soil culture. 

Although we know of no Streptomyces which will 
not survive lyophilization, we do know that certain 
species in the genus have two prerequisites. They are 
firstly, that conidia must have been formed, and 
secondly, that the conidia must have matured. To 
insure sporulation we use several media, some of which 
are described in table 1. Having found one or more 
which gives good sporulation, we wait at least 14 days, 
sometimes longer, to allow the spores to mature before 
we lyophilize. 
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TABLE 1. List of media used at the Northern Utilization Research Branch for the propagation and maintenance of the major 
groups of microorganisms 


I. Molds 


A. Media especially suited for growing penicillia 
and aspergilli 


Czapek’s Solution Agar 


Distilled HO. . 1000 ml 
NaNOs. 3.0¢ 
K,HPO3.. 10g 
MgS¢ ),-7H.O 0.5 £ 
NES Os ie eiveevcs 0.5¢g 
FeSO,-7H,0 (1% soln.) 1.0 ml 
Ch are 15.0 ¢g 
Melt and add 
Sucrose 30.0 g 


pH not adjusted. 


Czapek’s Solution Agar With High Sugar 
The formula is the same as for Czapek’s Solution Agar ex- 
cept that 20 or 40% sucrose is substituted for the usual con- 
centration. 


B. Media especially suited for the Mucorales 
Potato Dextrose Agar (PDA) 


Flask I 
Distilled H.O 100.0 ml 
Dextrose. ... 20.0 g 
CaCOQs. . 0.2¢ 
MgSO,-7H.O 0.2¢g 
Flask II 
Distilled H.O 400.0 ml 
Agar. . 15.0 g 
Flask III 
Potatoes—peeled and sliced 200.0 g 


Distilled HO . 500.0 ml 


Content of flask III brought momentarily to 121 C in an 
autoclave. Filter through cheese cloth. Bring up to original 
volume. Simultaneously the agar in flask II is melted and the 
solution in flask I is heated to boiling. Mix contents of three 
flasks. 

pH not adjusted. 


Mali Extract Agar 


Distilled H,O 1000 ml 
Malt extract 20.0 g 
Peptone.... 1.0¢ 
Dextrose. 20.0 g 
Agar... 20.0 ¢ 


pH not adjusted. 


C. Media especially suited for growing Chaetomium and some 
other Ascomycetes 


Yeast Extract Agar 


Yeast extract 4.0 ¢ 
Malt extract 10.0 ¢ 
Dextrose... 4.0¢ 
1 15.0 g 
Distilled H.O. . 1000 ml 


pH not adjusted. 


II. Yeasts 


One medium suitable for growing the majority of yeasts 


MY Agar 
MG@RRtOMUURCE. 5 co cccr5s cera ed oes 3.0 ¢g 
WIGIG GREPROE. «5 occ oon cecennts 3.0¢g 
BRN cso cassia son eis Soar bs 5.0¢g 
et See Rr 10.0 g 
Paper cs oes Git Nad Siw oe ann 20.0 g 
eo ee 1000 ml 


pH not adjusted. 
III. Bacteria 


A. General purpose medium suitable for maintenance of the 
majority of bacteria 


TGY Agar 


Tryptone. Reape ween ee Beas 5.0¢g 
Yeast extract. . eaee Se oe ee ar ee 5.0 ¢g 
Glucose. . ee oe 1.0¢g 
Bie ios 5 soe ote oe acres ats 10g 
Agar.. a a the Retna ci 20.0 g 
eR Pepe rer oe ea! mya re 1000 ml 


pH adjusted to 7.0. 


B. A medium for the propagation and maintenance of lactic 
acid bacteria and anaerobic sporeformers 


Deep Liver Medium 


Diver OMbPaet «6 <.c5hcs os ibs ew sce ess . 100 ml 
VOREG GRIEROE Ka. sons 3c ee ess 5.0 g 
Tryptone 10.0 ¢g 
Peles ana cevisaase 2.0 ¢g 
Glucose....... 5.0 ¢g 
Distilled H.O.. 900 ml 


pH adjusted to 7.4. 


Before dispensing to test tubes, add a small quantity of 
dried liver particles to each tube. 

The liver extract is made by adding 2 liters of distilled water 
to each pound of finely ground beef liver and heating in flow- 
ing steam until all the redness is gone from the liver. This will 
require about three hours during which the concoction should 
be stirred frequently in order to break up clumps. When the 
supernatant becomes yellowish fluorescent it is filtered through 
several layers of cheese cloth. The clear supernatant is then 
bottled and sterilized. 


The residue which remains after the above extraction is 
spread on shallow trays and dried at 50 C. This constitutes the 
dried liver particles mentioned above. 


C. A medium designed for the maintenance of acetic acid 
bacteria but useful also for the propagation of 
fastidious types in other genera 


Acetobacter Medium 


PRGRLOUG sso ote s oe aloe Re 5.0 g 
AGAR... SE eee eee eR re ee eee 20.0 g 
DAVOr ORUSROhs 6 oc5 6 i 25K 100 ml 
Distilled H.O...... aia 900 ml 
After melting agar, add 

EM Rae eck sh otal as 20.0 g 
so an coe Ne aa as 10.0 g 


pH not adjusted. 
Dispense while stirring constantly to insure equable dis- 
tribution of CaCQs. 
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TABLE 1.—Continued 


IV. Media upon which sporulation of Streptomyces is most 
likely to occur 


Asparagine Dextrose Agar (ADA) 


Tap H,0. ; 1000 ml 

Asparagine... 0.5¢ 

Kenn... ..... 0.5¢g 

Beef extract. ... ‘ 2.0 ¢ 
Adjust pH to 6.8-7.0 

Add agar... : ose fee 17.0 ¢g 

Dextrose ; een eon : 10.0 g 

Bennett’s Agar 

H.O (distilled). . 1000 ml 

Yeast extract....... pcs Gia ae 10g 

Beef extract........ 5% : 1.0¢ 

NZ amine A : 2.0¢ 
Adjust pH to 7.3 with NaOH 

Add Bacto-dextrose. 10.0 g 

Agar 20.0 g 


(J. Bacteriol. 57: 142, 1949) 


It should be emphasized that there is no one culture 
medium which will induce sporulation of all strains and 
species of Streptomyces. In hopes of finding at least one 
that is satisfactory for this purpose with a given strain 
a variety of media are employed including asparagine 
dextrose agar, Bennett’s agar, Emerson’s agar, potato 
dextrose agar, Czapek’s solution agar, oatmeal agar, 
yeast extract agar, starch agar, and corn steep agar. 
It is wise always to make sure cultures have an abun- 
dance of mature spores before storing them in a re- 
frigerator. 

Aside from the differences in stock-culture media, 
streptomycetes are handled more in the manner of 
molds than bacteria. In other words the culture is 
propagated by transfer of spores rather than of vegeta- 
tive growth. 

It is anticipated that a fourth category will be es- 
tablished to contain actinomycetes and other micro- 
organisms such as algae and protozoa. 

We have mentioned the fact that with few exceptions 
our lyophilized cultures have remained viable for as long 
as they have been under observation. Some of the tubes 
are 14 years of age. We no longer open tubes at specified 
intervals to check upon viability, but we record our 
observations on its condition each time such a tube is 
opened. Thus for most lyophil cultures a record of 
viability is available. 

Having expressed supreme confidence in the lyophil 
method of maintaining and preserving stocks of bac- 
teria, a word of caution should be expressed concerning 
sterility of the suspending agent. At NURB we use 
sterile bovine serum as the suspending medium for 
microorganisms to be lyophilized. The serum after 
separation is sterilized by Seitz filtration and then 
sealed in test tubes. The sterility of each batch is 
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Oaimeal Agar 
Rolled oats... . au PECTS chee ies Ounces 5g 
H:0 (distilled) 1000 ml 


Cook to thin gruel in double boiler, filter through severg] 
layers of cheese cloth and bring up to volume. 


Add agar. 


tern fe en ies rae 20.0 ¢ 
pH not adjusted. 
Emerson’s Agar 
OP URE EE ES, CEES An aan nn aa ae ae 1000 ml 
NaCl 2.5¢ 
Peptone 1.0¢g 
Yeast extract L.0g 
Beef extract BO en een eee pa eee 1.0 
Adjust pH to 7.0 with KOH, 
TOR CONTE Ts ee a ee 10.0¢ 
ER ety ERE ergs Sereno ead 30.0 g 


checked by opening selected tubes of serum and streak- 
ing on agar. It is not well to rely completely on the 
sterility of the serum thus controlled. Some very slow 
growing or psychrophilic organisms may be present and 
escape detection. It has been our practice to retest each 
tube of serum before it is used. This is done by spread- 
ing 0.5 ml of serum on duplicate plates of a nutrient 
agar and incubating them at room temperature for 
several days. Inasmuch as each tube holds sufficient 
serum for several runs, the same tube is entered _re- 
peatedly, and there is a danger that sterile serum may 
become contaminated. Since sterility testing uses so 
much serum, we prefer not to test it before each run 
but depend upon close observation. If any suspicion 
is aroused, the tube in question is not used until proven 
safe. 

We maintain a minimum of four lyophil tubes of 
‘ach strain, but those of special significance are made 
up to 10 or more. Four tubes are put into a vial which 
bears the strain number on its cap. These vials are 
arranged in trays which fit into a framework inside the 
refrigerator as shown in figure 2. The refrigerator tem- 
perature is set at 5 to 10 C. 

No use has been made of oil-covered cultures for 
keeping bacteria because we have considered them 
unnecessary. For long-term preservation we are sat- 
isfied with lyophilization; for shorter term availability 
most of our bacteria survive for relatively long periods 
on artificial culture media. For instance, leuconostocs 
readily remain viable and unchanged in our deep liver 
broth for at least six months if kept under refrigeration 


following good growth. Pseudomonads, coliforms, 


aerobic sporeformers, and so forth, on agar slants will 
also survive for six months or more if kept refrigerated 
following good growth. If the plugs are burned off and 
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i depressed and rubber stoppers inserted in the test 


tubes, viability may be greatly extended—to two years 
or longer with aerobic sporeformers. 

Another reason for not using oiled cultures is that 
the first experience with this technique by one of the 
authors was unsatisfactory. Great variation among 
micrococci such as was never experienced with other 
methods of preservation was incited. Similar results 
have been reported in a collection of salmonellas (M. 
Caldwell, personal communication). 

One of the problems facing anyone who tries to 
maintain a diverse collection of microorganisms is how 
to keep the number of media within reasonable bounds. 
We are fortunate in not having to face the difficult 
problems in nutrition attendant upon caring for a 
diversity of human and animal pathogens. Neverthe- 
less we have organisms with different requirements and 
some of them are rather fastidious. For the vast ma- 
jority of our strains a single medium suffices. For the 
lactics and anaerobes another is used while the acetic 
acid baeteria prefer yet another. In addition to these 
three media several others are suitable for special pur- 
poses or for special groups of bacteria represented by 
very few strains and in little demand. 

When new strainsare received or isolated, occasionally 
some difficulty in maintaining stability is encountered. 
The tendency to vary apparently is a response to new 
media and conditions to which the organism soon be- 
comes accustomed. The degree of variation is sufficient 
with fresh isolates that cultures often are plated and 
colonies picked repeatedly in an attempt to purify ¢ 
seemingly mixed culture. Some strains are so reluctant 
to adapt themselves to new media and conditions that 
they become troublesome. An example is NRRL B-512F 
which has been distributed far and wide for the pro- 
duction of clinical dextran. Most recipients of this 
culture apparently experienced no insurmountable 
difficulties in growing the strain and producing accept- 
able dextran. They probably either used the media and 
conditions recommended by us or, as inadvertently 
as we, were fortunate enough to select a suitable 
combination to begin with. A few, however, experienced 
a variety of troubles ranging from no growth to produc- 
tion of a dextran chemically and physically dissimilar 
to that produced at NURB and unable to meet specifi- 
cations when prepared for clinical use. In most cases 
the matter was quickly amended when directions were 
sent to describe our methods and media. 

As for the yeasts and molds, records are kept showing 
the accession number, date of deposit, donor and do- 
nor’s identification. This information is filed chrono- 
logically, and alphabetically by donor and by genus 
and species. 

The media upon which we rely most heavily for main- 

tenance are given in table 1. 
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Fic. 2. Storage of lyophilized cultures 


The Yeast Collection 

Yeast cultures bearing specific names number over 
2200. Most of these have been studied taxonomically. 
More than 3800 additional strains have been isolated 
from nature. Such isolates are lyophilized and their 
ability to sporulate is determined immediately after 
isolation. Their cultural characteristics are recorded 
and probable or definite generic placement assigned to 
them if possible. They are then available for develop- 
mental surveys or taxonomic study whenever the 
genus or general taxonomic area to which each belongs 
is to be intensively studied. About 90 per cent of the 
taxonomic work on yeasts at this laboratory is based 
on data obtained from isolates from nature. 

Lyophilization of cultures was begun on a large 
scale in 1941, and all yeast strains have been preserved 
by this procedure. Each time a lyophil tube is opened, 
2 or 3 more are prepared, until 5 are on hand, and the 
number is held approximately at this level. 

Viability of yeasts in the lyophilized state is very 
good, and there is promise that investigators in the 
future may be assured that nearly all of the yeasts they 
lyophilize in their early years will remain alive without 
subsequent cultivation throughout their professional 
lives. Rare failures do occur with Cryptococcus, 
Schizosaccharomyces and Saccharomycodes. Occasionally 
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filamentous yeasts lose the ability to produce blas- 
tospores on solid media. These are grown in shake flasks 
where the mycelium develops as small dispersed ele- 
ments that can be centrifuged and then successfully 
lyophilized. 

Lyophilization of yeasts has never, to our knowledge, 
induced variation in any of the physiological charac- 
teristics upon which we base species identification. Quite 
to the contrary, for we believe it is the best means of 
preserving the characteristics of isolates. In fact, when 
one is studying a highly variable yeast and it becomes 
necessary to have certain phases as controls in each 
experiment, one may lyophilize the phases to be used as 
standards, then disperse the dried pellets in 1 or 2 ml 
of sterile mineral oil, contained in a screwtop vial, and 
streak a loop of the suspension each time a control is 
needed. We are indebted to Dr. F. M. Clark of the 
University of Illinois for this procedure. 

Good results have been obtained in maintaining 
yeast cultures under oil. The medium used for both 
maintenance and general cultivation is MY agar 
which is described in table 1. The agar is solidified with 
the tubes in an upright position. The surface of the 
agar is inoculated and the cultures incubated 1 or 2 
days at 25 C, then a layer of sterile mineral oil ap- 
proximately 1 cm deep is placed over the growth. Then 
the cultures are stored at approximately 5 C, and 
transfers made at 2-year intervals. Some 1300 strains 
are maintained this way. A few which have failed to 
survive this period are transferred at 6-month intervals. 
A small number of osmophilic yeasts are kept on oiled 
MY agar containing 20 per cent glucose. 

In our experience, preservation of yeasts in dry 
sterile soil has been very unsuccessful except for some 
mucoid and submucoid yeasts of the genera Cryptococcus 
and Rhodotorula. 


The Mold Collection 


When mold cultures are received or isolated, they are 
examined first of all for their purity and identified as 
completely as possible, or, if they are already identified, 
the identification is checked. It is also very useful, if 
the culture is not identified at the time it is secured, 
to have a record of what the appearance of the culture is 
under specified conditions. Thus, on a given medium at 
a certain age, a culture will have a characteristic spore 
color, reverse color and a soluble pigment present or 
absent. These characteristics may be determined readily 
with a minimum amount of labor. Later, should a 
question arise as to the appearance of the culture when 
first obtained, the information is available. 

The filamentous fungi are routinely carried on agar 
slants, in lyophil, and in soil cultures. However, a few 
recalcitrant to lyophilization are kept under mineral 
oil. Wherever possible each permanent culture is carried 
by at least two of the above methods, usually in lyophil 
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and on agar slants. The lyophil process has the ac vap. 
tages of allowing cultures to be kept for extremely long 
periods of time, the cultures are sealed and canno! be. 
come contaminated during storage and they re:juire 
little space for storage. On the other hand, when a 
lyophil tube is opened, it may be necessary to re-lyo. 
philize to replace the tube. Such recultivation and 
reprocessing requires considerable time. In some in- 
stances, as among the Entomophthorales and certain 
mucors, in spite of abundant spore production, poor 
viability or no growth at all follows lyophilization, 
There are probably other species with spores which 
fail to survive the process. For this reason, each time a 
lyophil culture is prepared, it should be checked for 
good growth within a period of one or two weeks to 
insure that the preparation is satisfactory. The process 
cannot be applied successfully to nonsporing cultures. 
It is generally believed that a large proportion of cells 
are killed by freeze-drying. In consequence there has 
been speculation that selective killing might cause 
variation in lyophilized cultures. In our experience, 
however, this has not happened. 

The mold cultures are carried on a variety of stock 
media in the form of slants. Compositions of some of 
these media are given in table 1. The aspergilli and 
penicillia are carried on Czapek’s solution agar, or 
malt agar; certain cultures are grown also on modifica- 
tions of Czapek’s solution agar. For example, A sper- 
gillus ruber which requires a high-sugar content in the 
medium is carried on Czapek’s solution agar with 20 to 
40 per cent sucrose added. Members of the Wucorales 
have been carried for years on laboratory-prepared, 
potato-dextrose-agar with excellent success although 
there is reason to believe that malt agar or other non- 
synthetic media might be just as good. 

It is important to realize that some species have 
specific requirements for growth. Consequently one is 
forced to use specific media or techniques for many 
fungi. An interesting example of special techniques 
required for maintaining unique types of microorgan- 
isms is illustrated by the success one of us (CWH) 
has had in maintaining numerous members of the 
genus Syncephalis and Piptocephalis. These genera, 
which contain a large number of species and which are 
fairly common in soil, grow as obligate parasites on 
saprophytic Mucorales. None has been cultivated free 
from its host. Because we are interested in members of 
this order, we have secured a number of species and 
are collecting additional ones which we wish to main- 
tain permanently. As seen in nature, they are found 
growing on a variety of host genera. The usual pro- 
cedure in securing such a parasite is to isolate mycelium 
of the host and parasite, and then to purify it of extrane- 
ous bacteria and molds by repeated subculture. A more 
convenient method is to isolate the host from the plate 
by picking sporangiospores from a sporangium and, 
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after inoculation of three places on nutrient agar in 
plates, to inoculate the same spots on the agar with a 
jew spores of the parasite picked from their sporangia, 
and usually the two then can be obtained in ‘‘mixed- 
pure” culture. However, in carrying stock cultures on 
agar, one is forced to check the culture carefully, after 
each transfer, to be sure that the host has sporulated 
and that the parasite’s spores have germinated, at- 
tacked the host, sporulated in abundance, and matured 
their spores. For some time cultures were lost because 
the host, when freed from the competition of other 
microorganisms, grew so rapidly and luxuriantly that 
the parasite could not properly grow, with resultant 
failure to sporulate. Also the host might be of such a 
similar gross appearance that the absence of growth of 
the parasite might be missed and the culture lost. The 
maintenance of these cultures was greatly simplified 
when it was realized that one could use Mucor raman- 
nianus as host for most species of the two genera. It is a 
red-colored Mucor with extremely short sporangio- 
phores and velvety, slow-growing colonies. When a 
member of the genus Syncephalis or Piptocephalis is 
encountered in a soil sample or a culture is received with 
one of the parasites in it, we routinely inoculate plates 
with MW. ramannianus and infect the cultures with 
spores of the parasite in the above manner. In most 
cases the parasitism of these genera is not so specialized 
that they will not attack this new host. When the 
“mixed-pure” culture is established, no difficulty is 
encountered in maintaining it. It has the distinct ad- 
vantage that the host never overwhelms the parasite as 
Rhizopus stolonifer may do. It also enables one to see 
with the naked eye, because of the red color of the 
Mucor, whether the host has sporulated. Invariably, 
the parasitic species are much taller and one can tell 
at a glance whether or not the surface of the host has 
been overgrown and the parasite has fruited. Usually 
the parasite will grow over the host and far beyond on 
the surface of the agar, apparently translocating nu- 
trients from the host. In these areas the parasite’s 
mycelium and fruiting can be studied without the 
presence of the host mycelium and could be used for 
studies on the factors required for parasitic growth. 
Since we started to use this technique, not a single 
host-parasite combination has been lost. 

Cultures are examined prior to storage for adequate 
growth and sporulation, for contamination by bacteria 
and molds, for reverse color, and for the general micro- 
scopic morphology as seen under a dissecting micro- 
scope. In some species it is particularly important to 
check for sectoring or production of sterile mycelium. 
Once a culture has degenerated to the point where no 
sporulation occurs, it is practically impossible to get 
it to appear again in the normal sporulating state. 
However, if this progressive degeneration is detected 
before it is complete, a vigorous, heavily sporulating 
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culture can be reisolated which will appear as it did 
when first isolated. In some cases degeneration can be 
arrested by changing .to a more favorable culture me- 
dium. Cultures however prepared are stored in refrigera- 
tors or cold rooms at 5 to 7 C. Each tube should bear 
the date of transfer, the culture number, the culture 
medium and the temperature of incubation. Before 
storage, each cotton plug should be poisoned to prevent 
mold growth and entrance of mites. Transfers are made 
at 6- to 8-month intervals. 

It is also important that the chill room or refrig- 
erator have a low relative humidity, otherwise un- 
desirable molds will tend to grow on paper labels, and 
so forth, which makes contamination almost a certainty. 
A word should also be said about the care of the labora- 
tory. Every precaution should be taken to prevent in- 
festation of the work area with mites which occasionally 
may be introduced with cultures, soil samples or other 
material sent in from the outside. It is needless to say 
that all materials on which fungi have been allowed to 
grow should be carefully sterilized before washing to 
prevent heavy contamination of the general work area. 
When working with molds, especially those with dusty 
spores as Rhizopus stolonifer, the transfer needle should 
be sterilized and then moistened in sterile agar to pre- 
vent spores from being dispersed into the air. Also, with 
these cultures it is especially important that the fewest 
possible spores be used as inoculum. Whenever possible, 
one should transfer spore material only. In some cases a 
light touch of the needle on the sporulating area is 
sufficient. However, some fungi, including many of the 
wood decay fungi, require the removal of a block of agar 
and mycelium since no basidiospores or conidia are 
produced. 


SUMMARY 


The basic principles which guide the maintenance of 
the NURB Culture Collection are: 

The person in charge of a given category of micro- 
organisms must be well enough acquainted with the 
component taxa that he will usually know the media 
and conditions best suited to permit typical growth of 
any strain. From more or less cursory examination of a 
culture, he must be able to decide whether it is typical, 
free from contamination, and in proper condition for 
distribution. In difficult cases he must have at his 
fingertips sources of information to resolve any ques- 
tions. 

The methods of preservation must be chosen from a 
knowledge of the advantages and disadvantages of the 
various methods and from a comprehension of the 
characteristics and requirements of the microorganisms 
to be preserved. Until a group has become well known, 
it is not advisable to depend on a single method of cul- 
ture or preservation for maintenance. 
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The salient hazards of maintaining a collection 
must be known and guarded against. Among these are 
infestation with contamination of cultures, 
especially with molds which grow at high humidities, 
misnumbering or mislabelling of cultures and so forth. 

The NURB collection is devoted to organisms of in- 
dustrial importance, especially in the field of fermenta- 
tion. This specialization is emphasized in order to avoid 
overloading facilties with types not adapted to fermen- 
tation work. 

The personnel of the NURB unit are required to have 
thorough training in the field encompassing the micro- 
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Dehydrated eggs are an important item of procure- 
ment for Armed Forces feeding. Because the presence 
of Salmonella in egg products constitutes a potential 
health hazard, it is obviously important to the Armed 
Forces that food infections and carrier states caused by 
Salmonella in eggs be prevented among troops. The 
purpose of this report is to describe improved test 
methods for estimating the extent of Salmonella con- 
tamination in foods in order to assist in the control 
and elimination of this food infection hazard. Many 
investigators (Gibbons and Moore, 1944; Schneider, 
1946; Gibbons, 1947; Solowey et al., 1947; Solowey 
and Rosenstadt, 1948) have reported the occurrence 
of these microorganisms in eggs, and McCullough 
and Eisele (195la, 1951b, 195lc, 1951d) established 
the pathogenicity for humans of strains of Salmonella 
derived from spray-dried whole egg. Outbreaks of 
Salmonella infections which were traced to eggs have 
been described (Watt, 1945; Mitchell ed al., 1946; 
Medical Research Council, 1947). Edwards et al. 
(1948) state that “eggs and food products containing 
eggs may more often be the medium of transmission of 
Salmonella from animals to man than any other animal 

1 This paper reports research undertaken by the Quarter- 
master Food and Container Institute for the Armed Forces 
and has been assigned No. 547 in the series of papers approved 
for publication. The views or conclusions contained in this re- 
port are those of the authors. They are not to be construed as 
necessarily reflecting the views or indorsement of the Depart- 
ment of Defense. 

* Present address: Chief, Veterinary Section, 3rd Army 
Area Medical Laboratory, SU 3004, Fort McPherson, Georgia. 
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organisms in their charge. Interests in taxononiy ay 
encouraged and every effort is made to see that /Ppor- 
tunity exists to carry on a sustained taxonomic is:vestj, 
gation of selected microorganisms. 

‘About 1000 cultures per person is the proper «ssigy. 
ment in maintaining the collection adequately This, 
however, is dependent upon use of lyophilization fo 
culture preservation. 

REFERENCE 
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of yeasts preserved two years by the lyophil process 
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food product.’’ Hinshaw and McNeil (1951) in a review 
of Salmonella infection as a food industry problem 
stress the importance of animal and human reservoirs 
of the infection, and state that ‘‘the genus Salmonella 
is one of the important causes of the infection type of 
food poisoning.” 

The isolation and identification of members of the 
Salmonella group from food products present many 
difficulties. Various methods and modifications, many 
of which were originally developed for isolating patho- 
gens from feces and sewage, have been proposed 
throughout the years (Leifson, 1936; Hynes, 1942; 
Galton and Quamg 1944; Felsenfeld, 1945; McCullough 
and Byrne, 1952; Ayres, 1953). As a result of these in- 
vestigations, the use of selective enrichment media is a 
common procedure and is preferred to direct culture for 
the isolation of Salmonella from suspected materials 
which contain a large and varied population of micro- 
organisms. 


MATERIALS AND METHODS 


We have attempted to overcome some of the de- 
ficiencies in the recommended procedures by using the 
dilution-enrichment-subculture method to be de- 
scribed. The primary purpose of the method is to deter- 
mine the degree of Salmonella contamination and the 
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changes in numbers of these organisms during process: 
ing and storage of eggs and egg products. 

Twenty grams of egg powder are weighed aseptically 
in a flask containing 180 ml of sterile distilled water 
and a tablespoonful of glass beads. The egg suspension 
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is shaken by hand intermittently for 1 hour at room 
temperature. This preliminary soaking period is fol- 
lowed by a second hour of vigorous mechanical shaking 
at 150 strokes per minute to insure homogeneity. In 
our experience, there has been no increase in Salmonella 
during this 2-hour period. 

A 1:100 suspension is prepared from the thoroughly 
emulsified and reconstituted egg by diluting 2.5 ml 
of the 1:10 suspension with 22.5 ml of sterile distilled 
water and decimal serial dilutions are prepared in a 
similar manner. Twenty ml aliquots of the 1:10 (equiv- 
alent to 2 g of egg solids) are pipetted into 5 replicate 
tubes containing 20 ml of double strength Selenite-F 
broth (BBL) to which has been added 10 mg of cystine 
per liter. Two ml aliquots of the 1:10, 1:100, 1: 1000, 
and 1:10,000 dilutions (equivalent to 0.2, 0.02, 0.002, 
and 0.0002 g of egg solids, respectively) are pipetted 
into 5 replicate tubes containing 40 ml of single strength 
Selenite-F broth with added cystine (10 mg per liter). 

The enrichment cultures are incubated 18 to 20 hours 
at 37 C, following which a loopful from each tube is 
streaked onto brilliant green agar (Difco) and bismuth 
sulfite agar (BBL) plates which are incubated 24 and 48 
hours, respectively. 

Single, well isolated colonies suspected of being 
Salmonella are picked from each plate and transferred 
to triple sugar iron agar (Difco) (TSI) slants and these 
are incubated 24 hours at 37 C. Those cultures showing 
characteristic Salmonella reactions on TSI are gram- 
stained and tested for motility. They are also examined 
for their ability to ferment sugars, produce urease and 
indol, and agglutinate in Salmonella polyvalent and 
group antisera (Lederle).* 

It is often necessary to know the degree of Salmonella 
contamination during stages of processing of eggs in 
order to check the efficiency of the pasteurization 
treatment. For this purpose, most probable numbers 
(MPN) are determined from the sigpificant number of 
Salmonella-positive broth tubes in the appropriate 
three highest dilutions. Numerical values are taken 
from MPN tables in Standard Methods for the Examina- 
tion of Water and Sewage (APHA, 1946). The general 
rules applying to the use of most probable number 
tables are followed as illustrated in the sample calcula- 
tion shown in table 1. 

The Significant Number in this sample is 531. The 
corresponding MPN present in 0.2 gram portions (ob- 
tained from the probable numbers table) equals 110 
(110) (0.1) 

es 
per gram of egg powder as the MPN value. The factor 
of 0.1 is necessary to convert the MPN values in the 
table from an MPN per 100 ml basis for which it was 
devised to an MPN per gram basis adaptable to the 


multiplied by a factor of 0.1. Thus, 











present determination. 


3 Pearl River, New York. 
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TABLE | 
Equivalent Weight 


Sample Inoculated into Selenite of Egg Solids 


Broth Tubes (5 Replicates) Number of Tubes 


per Tube Salmonella-Positive 
= ee out of 5 Tubes 
Volume Dilution Grams 
ml | 
20 1:10 2.0 5 
2 1:10 0.2 5 
2 1:100 0.02 3r* 
2 1:1000 0.002 1} 
2 1 0.0002 0 


710,000 


* Significant number = 531. 


TABLE 2. Frequency and extent of Salmonella content in 
processing dried eggs during a 1954 procurement 


Ae. Paseturized Cincaes Bree 
| Raw Liquids | Glucose-Free | ~ head — 
Liquids a 
No. of samples examined. 51 39 113 


No. positive for Salmo- 


nella. +... ........|51 (100%) |14 (35.8%)| 6 (5.3%) 
No. positive on BG* 

agar hee ee 34 (66.6%)| 4 (10.2%)| 6 (5.3%) 
No. positive on BiSt 

RE Pe 51 (100%) |14 (35.8%)| 6 (5.38%) 
Median Salmonella MPN 

BG agar. Side sushaica “et ae AGE 0.38/gt 0.1/g§ 
Median Salmonella MPN 

BiS agar... eer 2,600/g 0.85/g 0.1/g 
Antigenic groups iso 

| ee errant D-E-C, E-C, E-C, 


* Brilliant green agar. 
+ Bismuth sulfite agar. 
t Egg solids. 

§ Powder. 


This method for determining the MPN of Salmonella 
has been used effectively in the examination of raw and 
pasteurized liquid whole egg, dehydrated whole egg, 
egg albumen, both liquid and dried, and liquid egg yolk. 
For liquid products the samples are prepared by sus- 
pending 20 grams in 180 ml of sterile water, and the 
resultant 1:10 dilutions are examined in the above 
described manner. In such cases it is necessary to know 
the solids content of the product if Salmonella MPN 
values are reported on a “‘per gram of solids”’ basis. 

RESULTS AND DISCUSSION 

The quantitative procedure has been employed ex- 
tensively in our laboratory for several years in the 
examination of dried eggs purchased for the Quarter- 
master Corps, and various analytical modifications 
have been tested and compared. The method as evolved 
has been applied to studies of the Salmonella incidence 
in commercially broken-out liquid whole egg for use in 
spray drying and to studies of the effectiveness of 
various pasteurization treatments for the elimination 
of Salmonella from dehydrated whole egg. A typical 
study, illustrated in table 2, presents data obtained 
from 203 process samples during a 1954 procurement 
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TaBLE 3. Salmonella recoveries from three enrichment 
broths using egg albumen samples with varying 
numbers of Salmonella 


MPN 5/gm MPN 85/g MPN 8000/g 


with 

. 20/84* = 24% 30/84 
0/84 20/84 
3/48 6% 0/48 


Selenite-F 
cystine 
Selenite-F.. 
Tetrathionate 


36%)41/48 = 85% 
25%|34/48 = 71% 
12/48 = 25% 








* Fraction indicates the following: 
Numerator = Number of Salmonella positive plates. 
Denominator = Number of plates streaked. 


for the Armed Forces of dehydrated whole egg. Frozen 
samples of the raw liquid egg and glucose-free pas- 
teurized liquid egg, and samples of the finished egg 
powder were obtained from a commercial processing 
plant for determinations of the Salmonella MPN values. 

The results obtained using brilliant green agar plates 
have been compared with those obtained using bismuth 
sulfite agar plates. It is obvious from the data shown 
that the bismuth sulfite agar was more effective than 
brilliant green agar for the isolation of Salmonella 
from liquid eggs, especially from the liquid before pas- 
teurization. S. pullorum was found only in the raw 
liquid samples, and it is generally agreed that bismuth 
sulfite agar supports the growth of S. pullorum better 
than brilliant green agar. There is an abundant bac- 
terial population in raw liquid egg which is not held 
back as effectively on brilliant green agar as on the 
more inhibitory bismuth sulfite agar and consequently 
the Salmonella are overgown. It is generally accepted 
that employment of more than one selective or dif- 
ferential plating medium increases the chances of 
isolating Salmonella. For example, in the examination 
of 90 samples of liquid whole egg, 5 samples showed 
MPN values which were higher when the twoagars were 
used than when either agar was used alone. 

The validity of the dilution-enrichment-subculture 
method described for estimating the most probable 
numbers of Salmonella in eggs was established by the 
serological identification of presumptive-positive cul- 
tures at a Salmonella Typing Center. Of 1,250 isolates, 
1,246 or 99.67 per cent were found to be Salmonella 
and 4 were Paracolobactrum intermedium, Bethesda 
group. 

In certain instances modifications of the dilution- 
enrichment-subculture method have been made. For 
example, in screening a large number of samples a 
qualitative test for the presence of Salmonella is used 
and, if positive, is followed by the quantitative pro- 
cedure. In the case of egg powder samples, 10 g of the 
egg are weighed aseptically in a flask containing 50 ml 
of Selenite-F enrichment broth. After 18 to 20 hours’ 
incubation, the cultures are streaked onto brilliant 
green and bismuth sulfite agar plates. When precooked 
frozen meals are screened, 50 ml of a 1:5 suspension of 
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and 48 hours’ incubation, respectively. Approximately 
150 components of precooked frozen meals, including 
meats, vegetables, and potatoes, were examined fo; 
Salmonella by this method and all were found to be 
free of Salmonella. 

Another product for which a qualitative method has 
been developed is dried egg albumen. Since albumen. 
containing meringue powder is used primarily in confec. 
tions and is often uncooked or insufficiently cooked to 
kill pathogenic bacteria, it is important that the product 
be free of Salmonella. 

North and Bartram (1953) reported that the addition 
of cystine to Selenite-F broth enhanced the growth of 
Salmonella. Consequently, a comparison was made of 
Selenite-F, Selenite-F with added cystine, and tetra- 
thionate broths using as inocula three dried egg al- 
bumen samples of known Salmonella contamination. 
Most probable numbers of Salmonella had been deter- 
mined earlier with the dilution-enrichment method 
previously described. One sample had an MPN of 5 
Salmonella/g, another 85/g, and the third 8,000/g. 
The specific types isolated were S. oranienburg, S. 
kentucky, and S. pullorum from sample 1; S. mon- 
tevideo and S. oranienburg from sample 2; and S. 
tennessee and S. pullorum from sample 3. Five g of egg 
albumen were weighed aseptically and put into 50 ml 
of Selenite-F, tetrathionate, and Selenite-F broth 
containing a cystine concentration of 10 mg per liter. 
After incubation and subsequent streaking on bismuth 
sulfite, brilliant green, Salmonella-Shigella (S-S) (Difco) 
and MacConkey’s (Difco) agar plates, it was found 
that the greatest number of positive Salmonella cultures 
was obtained from Selenite-F with added cystine. Data 
confirming North and Bartram’s observations on 
enhanced growth with added cystine in selenite broth 
are presented in table 3. Therefore, cystine has been 
incorporated routinely in our Selenite-F medium and 
was present in the selenite broth in the test methods 
which have been described. 

Still another food product which has been examined 
for Salmonella is inactive dried yeast. A method sug- 
gested for this product by the Food and Drug Adminis- 
tration, which involves the incubation of a 1:5 yeast 
suspension for 24 hours at 30 C before it is put into 
selenite and tetrathionate broths, gives good qualitative 
results. We attempted with one lot of yeast to obtain 
an MPN of Salmonella following the method described 
for eggs, but the results were negative. When the 1:10 
yeast slurry was incubated for 24 hours at 30 C before 
inoculating the Selenite-F broth tubes, Salmonella 
were found. The preenrichment incubation period of 
24 hours was established as an essential step in the 
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procedure for isolating Salmonella from yeast by the 
following tests which were repeated three times. 
4 1:10 suspension of the yeast was incubated at 30 C 


‘and aliquots were removed at 2, 4, 6, 8, and 24 hours 
‘and inoculated into Selenite-F and tetrathionate broths. 


The broth cultures were streaked onto brilliant green, 


I$, and bismuth sulfite plates after 18 to 20 hours’ 


incubation. No Salmonella were found at the 2-, 4-, and 
j-hour intervals but growth of Salmonella appeared 
after 8 hours’ incubation in only 1 of the samples ex- 
amined. All were positive after 24 hours at 30 C. 

Experiments were worked out to establish the upper 
and lower range of Salmonella contamination in the 
yeast. Aliquots of a 1:10 yeast suspension were pipetted 
into 5 replicate test tubes in amounts to give equivalent 
weights of 2, 1, 0.5, and 0.25 grams of yeast. Sterile 
1 per cent yeast water was added to bring the volume 
in each tube to 20 ml and the suspensions were in- 
cubated for 24 hours at 30 C. A loopful from each 
suspension was streaked directly onto brilliant green, 
8-8, and bismuth sulfite agar plates; and 1 ml from 
each tube was inoculated into Selenite-F and tetrathi- 
onate broths. The broth cultures were streaked after 
18 to 20 hours’ incubation onto selective agar plates. 
Salmonella, Group C;, was found in the 2 g and 1 g 
samples but not in the 0.5 g samples, which indicated 
arange of more than one but less than 2 Salmonella per 
gram of yeast. The plates streaked directly from the 
yeast suspension showed a heavy growth of lactose 
fermenters and paracolons. Salmonella were found on 
only 5 of the 60 plates streaked (8 per cent). In com- 
parison, 45 per cent of the plates streaked from the 
Selenite-F and tetrathionate broth cultures were posi- 
tive for Salmonella. No explanation is offered for the 
aiomalous failures of Salmonella in yeast to grow in 
Selenite-F or tetrathionate broth without preenrich- 
ment incubation. It is not likely that the low Salmonella 
content in dried yeast played a major role in these 
failures, inasmuch as the sensitivity of the method for 
egg products readily permits the detection of Salmonella 
in MPN values as low as 0.1 per gram. 
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SUMMARY 


An approximation of the extent of Salmonella con- 
tamination in eggs and egg products may be deter- 
mined by the use of the multiple dilution method de- 
scribed. This procedure requires 5 replicate tubes of 
Sclenite-F cystine enrichment broth for each decimal 


dilution, subsequent plating to selective solid media 
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and the application of most probable number tables 
to the positive tubes in the series. 

No single plating medium will allow satisfactory 
isolation of all species of Salmonella, but by using an 
enrichment medium and subculturing to more than one 
selective or differential agar, increased sensitivity in 
detecting the presence of Salmonella organisms in food 
products is obtained. 

The quantitative method has been applied to the 
estimation of the most probable numbers of Salmonella 
in dehydrated whole egg, frozen and liquid whole egg, 
frozen, liquid and dried egg albumen, and frozen and 
liquid egg yolk. Qualitative methods for the presence 
of Salmonella in precooked frozen meats, poultry and 
vegetables, and inactive dried yeast are described. 
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The transformation of 17-desoxysteroid to 17a- 
hydroxysteroid has been reported recently by Meystre 
et al. (1954) and Meister et al. (1954). Trichothectum 
roseum Cda. was the organism used in both instances. 
Transformation of progesterone to 1la,17a-dihydroxy- 
progesterone by 7. roseum has been obtained also in 
these laboratories. The present communication reports 
steroid hydroxylation, including the introduction of 
17a-hydroxyl, by Dactylium dendroides. 


MATERIALS AND METHODS 


Two cultures of Dactylium dendroides obtained from 
the Quartermaster Corps Culture Collection were 
studied. Both exhibited similar steroid transformation 
patterns on preliminary investigation and one was 
selected for further study. 

Two media were used in these studies. A synthetic 
medium of the following composition was employed 
for large scale growth from which 1la,17a-dihydroxy- 
progesterone was isolated: dextrose 50 g, (NHs)2HPO;, 
7.5 g, KLHPO, 1 g, KCl 0.5 g, MgSO,-7H.O 0.5 g, 
FeSO,-7H:,0 0.01 g, ZnSO,-7H.O 0.01 g, and distilled 
H.0 to 1 liter. For growth and steroid transformation 
studies in shaken Erlenmeyer flasks, the following 
medium was used: cerelose 50 g, edamine 20 g, corn 
steep liquor 5 ml, and H.O to 1 liter (Murray and 
Peterson, 1952). The pH was adjusted to 6.5 before 
sterilization. Vegetative growth, developed in the latter 
medium, was used for inoculum in all experiments. 
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In the shaken flask experiments 50 ml of medium was 
dispensed in 250-mli Erlenmeyer flasks and sterilized 
by autoclaving at 15 lb pressure for 17 minutes. These 
were inoculated with 5 ml of vegetative growth. The 
inoculated flasks were incubated at 28 C on rotary 
shakers moving at 220 rpm and describing a circle 1.5 
inches in diameter. After 48 to 72 hours growth, the 
flasks were charged with 20 mg of steroid in 0.5 ml of 
dimethylformamide. The charged flasks were incubated 
further, individual flasks being removed at the desired 
time for assay. 

For assay, the contents of a flask were homogenized 
in a Waring blender in 100 ml of ethyl acetate for 10 
minutes. The solvent was separated from the homo- 
genized growth by filtration and the filtrate extracted 
with three other 100-ml portions of ethyl acetate. The 
ethyl acetate extracts were combined, evaporated under 
reduced pressure to a volume of 12 ml and spotted on 
strips of Whatman No. 1 filter paper. 

Papergrams were developed using the solvent sys- 
tems of Zaffaroni and associates (Zaffaroni et al., 
1950; Burton et al., 1951; and Zaffaroni and Burton, 
1951). The steroids were located by means of an ultra- 
violet light scanner (Haines and Drake, 1950), eluted in 
pure methanol, and the per cent transformations cal- 
culated from optical densities determined at 2400 A. 

The introduction of lla- and 17a-hydroxyls by 
Dactylium dendroides was confirmed by isolation and 
characterization of 1la,17a-dihydroxyprogesterone 
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from conversions in synthetic medium. Approximately 


the addition of 24.4 g of progesterone. The broth and 
mycelium were extracted with portions of ethyl acetate. 
The 25 liters of ethyl acetate extract were reduced to 


placed at 4 C overnight after which 2 g of solids were 
removed by filtration. The filtrate was concentrated 
to near dryness and partitioned between 50 per cent 
aqueous methanol and petroleum ether. The methanol 
fraction then was evaporated and extracted with 
ethyl acetate. The ethyl acetate fraction was further 
evaporated and placed at 4 C overnight. Papergrams 
of the crude crystals thus obtained showed lla, 17a- 
dihydroxyprogesterone to be present along with proges- 
terone, lla-hydroxyprogesterone, and a product near 
the mobility of 68 , 1la-dihydroxyprogesterone. 

The ethyl acetate solution of these crude crystals was 
streaked on sheets of Whatman No. 4 paper and 


TABLE 1. Qualitative test of steroid transformation by 
Dactylium dendroides 


Possible Products Obtained 


Steroid Charged 


= . 
Progesterone.......... | lla-hydroxyprogesterone 

| lla, 17a@-dihydroxyprogesterone 

| 


lla-hydroxyprogesterone | lla, 17a-dihydroxyprogesterone 


17a-hydroxyprogesterone. . .| lla, 17a-dihydroxyprogesterone 


118-hydroxyprogesterone...| 118,17a-dihydroxyprogeste- 
rone? 


11-deoxy, 17a-OH-corti- 
costerone......... Compound epi-F 
ll-desoxycorticosterone Epi-corticosterone 


Compound epi F 


TABLE 2. Quantitative assay of steroid transformation by Dactylium dendroides 
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papergrams developed to separate the lla, 17a-di- 
hydroxyprogesterone bands. These bands were cut out, 
eluted with methanol, the methanol removed, and the 
residue partitioned between ethyl acetate and H.O. 
The ethyl acetate layer was treated with anhydrous 
NaSQ,, filtered, and the filtrate concentrated. The 
crystals thus obtained were recrystallized from ethyl 
acetate. This crystalline product was compared with 
an authentic reference sample of 1la,17a-dihydroxy- 
progesterone. 


RESULTS AND DISCUSSION 


Results of a study of transformation of six steroids by 
Dactylium dendroides are summarized in table 1. In this 
experiment, individual shaken Erlenmeyer flasks were 
incubated for 24 and 72 hours following steroid charge 
then pooled and assayed qualitatively. 

The addition of an lla ora 17a-hydroxyl to various 
steroids is indicated quite clearly. Apparently both the 
lla- and 17a-hydroxyls are added to progesterone and 
11-desoxycorticosterone. The transformation of proges- 
terone to 1la,17a-dihydroxyprogesterone was proved 
conclusively by isolation of the 1lla,17a-dihydroxy 
derivative and comparing it with an authentic reference 
sample of 1la,17a-dihydroxyprogesterone. The follow- 
ing comparisons show the isolated product and the refer- 
ence 1la,17a-diol to be identical: 

Mixed chromatograms: The isolation product could 
not be separated from the reference 1la,17a- 
dihydroxyprogesterone in mixed papergrams. 

Sulfuric acid chromogen: That of the isolated prod- 
uct is identical with that of the reference lla, 17a- 
diol. 

Melting point: Isolated product, 224-227 C; re- 
melts 248-251 C; reference 1la,17a-diol, 225-227 
C; remelts 249-252 C. 

Ultraviolet absorption spectrum: Isolated product, 

#2804 990 mu, 370 mu, 450 my, identical with 
that of reference 1la,17a-diol. 





Steroid Charged | 


Transformation Products 


Per Cent Recovery 











| 6 hr | 12 hr 24 hr 48 hr 72 hr 
Progesterone | $3.7 | 56 37 30.4 23.5 
| 1la-hydroxyprogesterone 26 7.6 30.7 30.8 30.4 
17a-hydroxyprogesterone 0 0 0 0 0 
| lla, 17a-dihydroxyprogesterone 7.8 14.6 15.4 12.7 15.1 
lla-hydroxyprogesterone | S4+ 79.6 74.7 63.3 57.3 
| lla, 17a-dihydroxyprogesterone | 0 4.1 | 6.2 | 5 8 
| | 
17a-hydroxyprogesterone | | 92.5 85 69.1 64.7 59 
lla, 17a-dihydroxyprogesterone 3.4 6 9.7 27.1 11.7 
11-desoxy-17a-hydroxycorti- | 95.5 85.7 66 54.6 40 
costerone 16.1 13 10 


Compound epi-F 
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Infra-red spectrum: Isolated product, \w20' 2.93 y, 
5.82 yw, 6.02 uw, 6.18 uw; reference lla,17a- diol, 


mae! 2.95 w, 5.91 w, 6.0 p, 6.20 p. 
Specific rotation: Isolated products = [ali* + 74 


(C = 1.0 in methanol) 
The above results show the ability of Daclyliwm den- 
droides to introduce lla- or. 17a-hydroxyl into various 
steroids. Some of these transformations have been 
measured quantitatively with the results given in 
table 2. 

The results in tables 1 and 2 reveal the effect of 
substrate specificity. It appears that under the limited 
experimental conditions employed, that substrates 
containing an 1la-hydroxyl are more easily transformed 
by the addition of a 17a-hydroxy]l. The data supporting 
this thesis are not extensive. Steroid transformation has 
not been studied under a wide variety of conditions. 
Moreover, the number of steroids used as substrate is 
limited. Transformations of 11-keto steroids are not 
reported and a small number of substrates containing 
118-hydroxyls were charged. 

The presence of a hydroxyl at carbon-21 has no ef- 
fect on the further direction of hydroxylation. When 
11,17-desoxy steroids are charged, however, the lla- 
hydroxyl appears to be added first followed by the 17a- 
hydroxyl. Thus, with progesterone as the substrate, 
one can detect 1la-hydroxyprogesterone and lla,l7a, 
dihydroxyprogesterone as transformation products. 
This would indicate the transformation of progesterone 
to 1la-hydroxyprogesterone and further conversion of 
this derivative to lla, 17a-dihydroxyprogesterone. 

In table 2, progesterone is reported to be transformed 
to 1la-hydroxyprogesterone in 30 per cent yield. If one 
assumes, however, that all of the 1la,17a-dihydroxy- 
progesterone was formed via 1la-hydroxyprogesterone, 
then approximately 45 per cent of the charged proges- 
terone must have been converted to 1 la-hydroxyproges- 
terone. 

Conversely, it might be argued that progesterone is 
also transformed to 17a-hydroxyprogesterone and this 


derivative transformed immediately to lla,17a- 
dihydroxyprogesterone. Thus formation of 17a-hy- 


droxyprogesterone would be rate limiting and the 17a- 
hydroxyprogesterone would be difficult to detect. The 
lla,17a-dihydroxyprogesterone would be formed, si- 
multaneously via the lla- and 17a-hydroxyproges- 
terone. 


Vou. 3 
Transformation of 11-desoxycorticosterone, also. 
shows the presence of an lla-hydroxyl favors 17g. 
hydroxylation. The 11-desoxycorticosterone is tans. 
formed to epi-corticosterone. This derivative ap- 
parently is converted to compound epi F althougi. this 
latter product is present in low yield. Failure to detec 
11-desoxy-17a-hydroxycorticosterone from charged 1]. 
desoxycorticosterone and  17a-hydroxycorticosterone 
from corticosterone would indicate the addition of 4 
17a-hydroxyl to these substrates must occur at « loy 
level, if at all under these conditions. 


SUMMARY 


Dactylium dendroides is capable of introducing an 
lla-hydroxyl and/or a 17a-hydroxyl to a number of 
steroid substrates. The transformation ‘pattern is de- 
termined by the steroid substrate. The presence of a 
hydroxyl at carbon-21 had no observed effect on the 
route of transformation. The presence of a hydroxy! 
with the a-configuration at carbon-11 appears to favor 
17a-hydroxylation under the experimental conditions 
employed. 

The 11 desoxy steroids, progesterone, 11-desoxy- 
corticosterone, and 17a-hydroxyprogesterone, were 
converted to the 1la-hydroxy derivatives. 
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The optimal temperatures reported for maximum 
production of penicillin by Penicillium chrysogenum 
have varied between 23 C and 28 C (Peterson, 1946; 
Johnson, 1946; Calam ef al., 1951). These temperatures 
were established by comparing the yields obtained 
when the mold was held at various temperatures for 
the entire fermentation. Calam et al. (1951) obtained 
best yields at about 25 C. 

The work reported here is an attempt to determine 
the effect of variations in temperature during fermenta- 
tion on penicillin yield. It is well known that maximum 
penicillin production by a culture occurs only when 
well defined conditions exist for the myecelium-produc- 
ing phase and equally well defined, but different, condi- 
tions exist for the penicillin-producing phase. That 
these two phases should have the same temperature 
optimum seems unlikely. : 

There have been relatively few published reports of 
the effects (on the yield of cells and cell by-products) 
of variations of temperature during a fermentation. 
Davis and Dedrick (1953) have shown that increased 
cell yields result when Chlorella cultures are grown at 
25 C during the day and placed at lower temperatures 
during the night. Kovats (1946) found that maximum 
citric acid yields were obtained in sucrose surface fer- 
mentations when the temperature was held at 28 C 
for the first 3 days and then reduced to 20 C. 


EXPERIMENTAL METHODS 


Fermentation techniques. Penicillium chrysogenum 
W49-133 was used exclusively in these experiments. 
The culture was kept in sporulated form in dry sterile 
soil and was used to inoculate 6-ounce bottles which 
contained 40 ml of the standard spore-plate medium 
described by Gailey et al. (1946). 

Inoculations were made with 5 ml of vegetative 
inoculum. This inoculum was prepared by inoculating 
100 ml of a 3 per cent (dry basis) corn steep liquor— 
5 per cent dextrin medium with 5 ml of spore suspension 
prepared from growth on the sporulation medium. 

1 Published with the approval of the Director of the Wis- 
consin Agricultural Experiment Station. Supported in part by 
research grants from Eli Lilly and Company and the Upjohn 
Company. 


Unless otherwise stated, all fermentation media were 
of the following composition: corn steep liquor, dry 
basis (CSL), 1.5 per cent; lactose, 2.5 per cent; CaCOs, 
0.2 per cent; NasSOx, 0.05 per cent. This medium will 
henceforth be referred to as “half strength’? medium. 
(The half strength medium contains one-half the 
concentration of ingredients of a medium found by 
Tornqvist (1955) to be optimal for penicillin production 
in shaken flasks with strain W49-133.) The medium was 
adjusted to pH 5.8 to 6.0 prior to being autoclaved at 
121 C for 20 minutes. Potassium phenylacetate, at a 
0.05 per cent level, was added as precursor to all fermen- 
tations every 24 hours after the pH had reached 6.8 to 
C0: 

The fermentation flasks incubated at 25 C and 30 C 
were placed on a rotary shaker which described a 2- 
inch circle at a speed of 250 rpm. The flasks incubated 
at 15 C and 20 C were placed in a water-jacketed in- 
cubator which contained a 4-place rotary shaker which 
described a 2-inch circle at a speed of 300 rpm. Half 
strength fermentations performed on the two shakers 
at the same temperature gave similar results. 

Unless otherwise stated, all fermentations were com- 
pleted in triplicate; all assays reported were from the 
average of 4 zones. 

Analytical procedures. Penicillin was assayed by the 
Oxford cup method with the use of Micrococcus pyo- 
genes var. aureus H as the test organism and penicillin 
G as the standard. 

The pH of samples was determined immediately after 
collection by means of a glass electrode. 

Residual sugar was determined by the method of 
Shaffer and Somogyi (1933). When lactose was present, 
the samples were hydrolyzed by heating at 120 C for 
20 minutes in 1 N HCl. Titrations were referred to a 
standard curve obtained with glucose or hydrolyzed 
lactose. 

Soluble Kjeldahl nitrogen was determined by the 
method described by Johnson (1941). The mycelial 
nitrogen was calculated by subtracting the soluble 
nitrogen present at the time of sampling from the 
soluble nitrogen present at the time of inoculation. 
Nitrogen in the washed and dried mycelium was deter- 
mined by a modified Kjeldahl method described by 
Hiller et al. (1948). 
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RESULTS AND Discussion 


It was decided that a half strength medium should be 
used for the fermentations conducted to determine the 
effect of variations of temperature on penicillin produc- 
tion. It is known that for particular aeration conditions 
and a particular culture, there is an optimum concen- 
tration of medium for the. production of penicillin 
at 25 C (Tornqvist 1955). This optimum medium is 
one in which the nutrient concentration is sufficient 
to give an amount of mycelium which uses all of the 
air available to it. A higher mycelium concentration 
results in oxygen starvation with lower yields, while a 
lower mycelium concentration results in lowered yields 
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Fig. 1. Effect of concentration of steep liquor on mycelial 
nitrogen and its effect on penicillin production as related to 
mycelial nitrogen. Temperature: 25 C. Ratio of steep liquor 
solids to lactose was 0.6. 
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Fig. 2. Effect of change of incubation temperature on pen- 
icillin production. The numbers to the right of each curve 
represent the time, in hours after inoculation, at which the 
fermentation temperature was changed from 30 C to 25 C. 
Curves C25 and C30 represent control fermentations which 
were incubated throughout the fermentation at the respective 
temperatures. 


[VoL, 3 


because, in general, penicillin production is propor. 
tional to mycelium concentration. If the medium js 
optimal for fermentations conducted at 25 C, then 
air might become limiting in fermentations conducted 
in the same medium at 30 C, since metabolism might 
be more rapid at the higher temperature. The use of 
half strength medium should circumvent this dif. 
ficulty. 

Effect of concentration of corn steep liquor. In order to 
establish that air might be a limiting factor in penicillin 
production in shaken flasks, eight separate fermenta- 
tions (completed in duplicate) were carried out on a 
rotary shaker at 25 C. The percentages of CSL in the 
various fermentations were: 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 
3.5 and 4.0. The ratio of CSL to lactose in all fermenta- 
tion media was 0.6. This ratio of CSL to lactose was 
reported by Tornqvist (1955) to give optimal penicillin 
yields in shaken flasks when used with strain W49-133. 
CaCO;, NaSO,, and precursor were added with the 
CSL and lactose in proportions similar to those in the 
half strength medium described in 
Methods. 

The results obtained from this experiment are shown 
in figure 1. As may be seen from the graph, the mycelial 
nitrogen formed was proportional to the concentration 
of CSL in the medium except at concentrations of CSL 
above 3 per cent. At the 3 per cent CSL concentration 
air probably became limiting because the ratio of 
mycelial nitrogen to CSL concentration decreased. 
The penicillin produced per microgram of mycelial 
nitrogen was less at high CSL concentrations. The 
results from this experiment indicate that some factor 
in shaken flask fermentations at high CSL concentra- 
tions limits penicillin production. The factor was not 
pH, since the pH at maximum yield varied from 6.9 
at low steep liquor concentrations to 7.5 at the highest 
concentration. If the factor is the lack of air then use 
of half strength medium is justified. 

Effects of temperature change during incubation. At the 
outset of this problem, the effect of changing the 
temperature during incubation on penicillin production 
was not known. It was decided first to investigate the 
effects on penicillin production of growing the mycelium 
at 30 C and completing the penicillin-forming phase at 
25 C. If, ina penicillin fermentation, the growth phase 
is to be conducted at one temperature and the penicil- 
lin-producing phase at another temperature, the age 
of the culture at the time of the temperature change 
might be an important variable. Therefore, a series of 
fermentations were conducted in which the incubation 
temperature was changed from 30 C to 25 C at various 
times. 


Experimental 


Twenty-four flasks were inoculated and at 14, 22, 
29, 38, 51 and 62 hours, respectively, three flasks were 
transferred from the 30 C shaker to the 25 C shaker. 


Controls were run at 25 C and 30 C for the entire 
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fermentation period. The results of the experiment are 


i shown in figure 2. 


The curves show that when fermentations were 
changed to the lower temperature at 14, 22 or 29 hours, 
the final yields of penicillin were well below those of the 


eontrols, or of the fermentations changed after 29 


hours. The 30 C control flask decreased in titer after 
92 hours. A sugar analysis on the fermentation broth 
showed that the sugar had been completely used and 


autolysis had occurred. The differences in the fermenta- 


tions were not due to variations in pH, since the pH 
values, at 92 hours, of all flasks were between 7.6 and 
7.9. 

The three curves plotted in figure 3 show the sugar 
remaining in the flasks at 38, 62 and 92 hours respec- 
tively. It can be seen that fermentations that were 
changed from 30 C to 25 C prior to 38 hours did not 
use sugar as rapidly as those fermentations changed at 


. or after 38 hours. The fermentations in which tempera- 


ture changes occurred before 38 hours had the lowest 
penicillin titers. The decreased utilization of sugar 


' might be explained by assuming that the mold is sensi- 
' tive to temperature changes which take place during 


the period of rapid mycelium formation. 

Studies with bacteria have shown that the physical 
and chemical organization of the cell is not fixed through 
the growth period. For example, during the late lag 
and much of the exponential growth, bacteria appear 
to be most sensitive to sudden changes of environment. 
They are easily killed by heat and cold and by transfer 
into solutions of high salt concentration (Sherman and 
Albus, 1923; Hegarty and Weeks, 1940). 

It is not unlikely that a similar phenomenon occurs 
in molds, which would explain, in part, why low yields 
were obtained from fermentations changed from 30 C 
to 25 C before 38 hours. 

From the experiment just described it is evident that 
when mycelium is produced in a fermentation at a 
temperature of 30 C and it is desired to continue the 
penicillin-producing phase at 25 C, the change of tem- 
perature should not take place until 35 to 40 hours 
after inoculation. In this series of fermentations the 
growth phase lasted approximately 35 to 45 hours. 
Hence in these fermentations, temperature changes 
made before the end of the growth phase resulted in 
lower penicillin yields. 

Optimum temperatures for the two phases. In the next 
series of experiments a number of flasks were inoculated 
and placed at 20 C, 25 C and 30 C respectively, for the 
first 42 hours of the fermentation. At 42 hours (shown 
in the previous experiment to be a satisfactory time for 
the change) some of the flasks at each of the three 
temperatures were placed at a different temperature 
for the remainder of the fermentation. Control flasks 
were kept at 20 C, 25 C, and 30 C for the entire fermen- 
tation. 
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Fic. 3. Effect of temperature change on residual sugar. The 
three curves show the residual sugar in the flasks of figure 2 at 
38, 62 and 92 hours, respectively. Each point on a particular 
curve represents the residual sugar in a flask which had been 
transferred from 30 C to 25 C at the particular time given on 
the abscissa. 


TaBLE 1. Summary of results obtained from the 
fermentations shown in figure 4 








Fermenta- Nitvciesn itn | Mycelial | : 

eats 4st | “Mceliom’ | geike | imum | Tipe |Mtime | Beni 
= fees eee eee po | Maxi- Max- Pro- 
Be- | after 2 i 42 | 116 |, PF | Yield | imum “Rate 
et. 42 hr | 42 hr. |116 hr.| ee | ee duction [me Yield | *#te 
c Cc | g/L, hr Ja eee,” % % -_ hours pay 

20 | 20 | 0.27 | 7.3 | 4.8 | 8.2)13.8) 450 | 141 28:4 3.2 

25 | 25 | 0.23 | 5.8 | 4.8 |11.6)13.5) 420 92 7.6 | 4.6 

30 | 30 | 0.17 | 5.3 | 4.6 112.5) 9.2) 555 92 72 CO 

30 | 20 | 0.15 | 5.3 | 4.5 \12.5)13.8 635 141 7.7 | 4.5 

30 | 25 | 0.17 | 5.3 | 4.8 |12.5)12.4) 570 92 | 7.5 | 6.2 

25 | 30 | 0.23 | 5.8 | 4.7 |11.612.7) 480 68f | 7.5 = 

0.37 | 7.3 | 4.6 7.5 | 3.8 


20 | 30 | 


| 8.2)12.8] 350 | 92 





* Penicillin production rate = 
maximum penicillin production, units/ml 





time to reach maximum yield, hours 
+ The 68-hour assay value is questionable. 


The results obtained in this series of fermentations 
are summarized in table 1 and figure 4. A number of 
conclusions may be drawn from the data. The fermen- 
tations in which the growth phase took place at 30 C 
yielded the most penicillin, regardless of the tempera- 
ture of incubation during the penicillin-forming phase. 
Further, 20 C proved to be the best temperature for the 
penicillin-forming phase for mycelium grown at 20 C 
as well as for mycelium grown at 30 C. When the 
best growth temperature (30 C) was combined with 
the best temperature for the penicillin-forming phase 
(20 C), yields were 50 per cent higher than in the 25 C 
controls. 

It will be noted that the mycelium grown at 30 C had, 
at the beginning of the penicillin-producing period, a 
lower nitrogen content than mycelium grown at lower 
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Fic. 4. Effect of change of temperature of incubation on 
penicillin yields. Temperatures used: 20 C, 25 C, 30 C. Time 
of temperature change: 42 hours after inoculation. The figures 
referring to each curve indicate the 2 temperatures at which 
the fermentation was studied. For example: 30/20 indicates 
that the fermentation was incubated at 30 C for 42 hours and 
then transferred to 20 C for the remainder of the fermentation. 
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Fic. 5. Effect of temperature of incubation on mycelial 
nitrogen production. Temperatures of incubation: 15 C, 20 C, 
25 C, 30 C. 


temperatures. Its weight, however, was greater. It is 
also significant that the mycelium grown at 30 C used 
sugar more slowly during the penicillin-forming phase, 


regardless of the temperature during that phase. The. 


reason for the superiority of the mycelium grown at 30 
C is not clear, but it is probable that its low nitrogen 
content and its low rate of sugar utilization are sig- 
nificant. 

The results obtained from the experiment of figure 4 
indicate that mycelium grown at 30 C for 42 hours 
produced more penicillin than mycelium grown at 25 C 
or 20 C for the same time. However, the time of change 
of temperature (42 hours) was selected.on the basis 
of an experiment in which the mycelium was grown at 
30 C. It was thought possible that the mycelium grown 
at 20 C and 25 C, and changed to other temperatures at 
42 hours after inoculation, had not completed the 
growth phase (maximum mycelium production) at the 
time of the temperature change. If maximum mycelial 
production was not attained at 42 hours then this fact 
might have been the reason for the low penicillin 
yields obtained from fermentations initiated at 20 C 
and 25 C. It was therefore decided to investigate the 


5 


rate of formation and production of myceliim j 
fermentations incubated at 15 C, 20 C, 25 C anc 30¢ 
The mycelial nitrogen values obtained at th: foyy 
temperatures are shown in figure 5. The 25 C and 30( 
fermentations were similar in all respects excep: ter. 
perature. The 20 C and 15 C fermentations were ¢op. 
ducted at different times and in the 300 rpm shaker. 
The pH during fermentation was similar in all flasks 
At 67 hours it was between 7.2 and 7.4 in all flasks. It: 
evident from the graph that the rate of formation ¢ 
mycelium was greatest in the fermentations conducted f 
at the lower temperatures. No satisfactory explanatio, 

can be offered for this observation. It was expected 

that slow growth would be observed at the lowes 

temperatures. From figure 5 it is also evident that aj 

42 hours (the time of temperature change in experi. 

ments of table 1) the mycelial nitrogen values oj 

fermentations incubated at 15 C, 20 C and 25 C wer 

somewhat higher than those incubated at 30 C. The 

differences, however, are small compared to the dif. 
ferences in penicillin production caused by differences 
in growth temperature. 

The production of higher mycelium concentrations ai 
lower incubation temperatures has also been reported 
by Ryan, Beadle and Tatum (1943). They observed : 
heavier growth of mycelium at lower temperatures 
when Neurospora crassa was grown on a sucrose 
mineral salts-agar medium. 

The work described above indicates that there are 
two temperature optima for the penicillin fermenta- 
tion. One of the temperatures, in the vicinity of 30 (. 
is best for the mycelium-producing phase; the othe 
temperature, in the vicinity of 20 C is best for the 
penicillin-forming phase. 

It should be emphasized that these results were ob- 
tained by the use of a dilute medium, in which, it is 
believed, an excess of oxygen was always available to 
the mycelium. Fermentations carried out with more 
concentrated media might yield different results. It 
should also be recognized that the results may hold 
only for the strain (W49-1333) used in these experi- 
ments. 


SUMMARY 
The effects of the concentration of corn steep liquor 


on production of mycelial nitrogen and penicillin were 
investigated. It was found that, at the aeration level 
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used, penicillin production closely paralleled mycelial 
nitrogen production up to concentrations of 3.5 and 4 
per cent corn steep liquor (dry basis). At these concen- 
trations the amount of penicillin produced per micro- 
gram of mycelial nitrogen was lowest. It appeared that 
air was a limiting factor in the production of penicillin at 
the high steep liquor concentrations. Therefore, 4 
medium was used containing only 1.5 per cent steep 
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Experiments were carried out to determine the age, 


‘after the time of inoculation, at which temperature 


changes, from 30 C to 25 C, should be made. It was 


found that if mycelium was grown in a fermentation 


incubated at 30 C, and it was desired to continue the 
penicillin-producing phase at 25 C, the change of tem- 
perature should not be made until 35 to 40 hours after 
inoculation. Temperature changes made before that 
time resulted in lowered penicillin yields. 

From the experiments completed it was realized that 
there are two temperature optima connected with 
penicillin production. One, about 30 C, was best for the 
mycelium-producing phase; the other, about 20 C, was 
best for the penicillin-producing phase. 

It was shown that 50 per cent more penicillin was 
produced by fermentations which were started at 30 C 
and transferred to 20 C, 42 hours after inoculation, 
than was produced in controls incubated at 25 C for 
the entire fermentation. 
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Carrageenin is the water soluble polysaccharide ex- 
tractable from the red algae Chondrus crispus and (i- 
gartina stellata. The polysaccharide is essentially a 
polymer of alpha-D-galactopyranoside-4-sulphate. 
Smith et al. (1954) fractionated carrageenin with potas- 
sium chloride into two components and obtained a 
precipitable component which could form gels and a 
nongelling component which remained in solution. The 
former was designated kappa-carrageenin and the latter 
lambda-carrageenin. Smith, O’Neill, Perlin, and Cook 
(personal communication) found that these fractions 
differ in their content of D-anhydrogalactose. 

Mori (1948a) demonstrated a hydrolase in marine 
molluses which degraded the mucilage from Chondrus 
ocellatus. The bacterial decomposition of carrageenin 
has been commonly recognized but this has not been re- 
lated to any particular organism or enzyme. The pur- 
pose of the work to be described was to attempt to 
isolate and characterize a bacterial carrageenase. 







































































MATERIALS AND METHODS 








Cultures of bacteria were obtained from sea water 
and various marine algae collected in the neighborhood 
of Halifax, N.S. Pieces of algae or 10 ml of sea water 
were inoculated into 50 ml of synthetic sea water me- 
dium containing carrageenin, 0.5 per cent; NaCl, 3.0 
per cent; MgSOx,, 0.05 per cent; K2»HPOx,, 0.1 per cent; 
FeCl, 0.002 per cent; NaNOs, 0.05 per cent; dissolved in 
distilled water. Successive transfers were made in the 
same media and finally plated out on this medium con- 
taining 3.0 per cent carrageenin. The colonies of bac- 
teria which hydrolyzed carrageenin were surrounded by 
an area of liquefaction. A pure culture of a strain which 
actively liquefied carrageenin was obtained by repeated 
subculture on the above medium containing 1.0 per cent 
agar and 0.5 per cent carrageenin. 

The organism has the following characteristics: rods 
1 to 2 uw by 0.5 uw, occurring singly and in pairs, motile, 
nonspore forming, nonencapsulated, gram negative. 
Agar colonies: punctiform, smooth, entire, raised, trans- 
lucent, no depression in agar. Agar slant: growth mod- 
erate, dull. Broth: slight clouding, pellicle. Gelatin stab: 
stratiform liquefaction. Indole not formed. Nitrite pro- 
duced from nitrate. Hydrogen sulfide produced. Starch 
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hydrolyzed. Cellulose not hydrolyzed. Carrageeniy 
hydrolyzed. Agar not hydrolyzed. Acid from arabinose. 
xylose, mannose, sucrose, maltose, cellobiose, raffinose. 
dextrin. Not utilized: lactose, trehalose, glycogen, glye. 
erol, adonitol, mannitol, sorbitol, dulcitol, saliciy, 
alpha methyl glucoside. Aerobic. Growth at 10 C, no 
growth at 37 C. Optimum growth 25 C. Isolated from 
red alga, Cow Bay, N.S. September 1953. 

The enzyme was prepared by growing the organism in 
a culture medium containing carrageenin (Sea Ken 

No. 6), 0.5 per cent; NaCl, 3.0 per cent; MgCl, 0.05 
per cent; NaH»,PO,, 0.05 per cent; NaNQOs, 0.05 per 
cent; and FeCl;, 0.002 per cent; dissolved in distilled 
water. Cultures were incubated in Erlenmeyer flasks, at 
20 C to 25 C on a rotary shaker for 3 to 4 days. The 
material was then passed through a Sharples supercen- 
trifuge, and the effluent was filtered through a Selas 
porcelain filter No. 03 to obtain a cell-free filtrate. This, 
and the Sharples effluent, were both tested for enzymic 
activity. 

Specimens of Chondrus crispus, Gigartina stellata, 
Ahnfeldtia plicata were collected at Herring Cove, N.S. 
Hypnea musciformis, Pterocladia extract, Furcellaria 
extract, Gracilaria confervoides, Gigartina acicularis, 
Iridophycus sp., and Gelidium cartilagineum were ob- 
tained from commercial sources. Extracts were prepared 
by heating the dried ground algae for 1 to 2 hours ina 
boiling water bath. The extract was centrifuged, filtered, 
and precipitated by adding 4 volumes of 95 per cent 
ethanol. The precipitate was dehydrated consecutively 
in absolute ethanol, acetone and ether. 

The kappa fraction of commercial carrageenin was 
precipitated from aqueous solution with KCl. After cen- 
trifugation the supernatant fluid was treated with 95 
per cent ethanol to establish a concentration of 36 per 
cent by volume. This precipitated the lambda fraction. 

The rate of hydrolysis of carrageenin was followed 
by measuring the increase in reducing power (Somogyi 
1952) with galactose as standard. One volume of the 
enzyme solution was added to 2 volumes of 0.6 per cent 
sarrageenin in M/20 sodium phosphate buffer. Aliquots 
of 5 ml were removed at intervals for analysis. Deter- 
minations were done in duplicate and corrected for the 
small blank present in the enzyme solution. Activity 
was expressed as the amount of galactose formed after 
hydrolysis of carrageenin for 2 min at 25 C and pH 7.5. 





Cond 


hoof carr 


optimu 
figure | 


; end ot 
sugar 


The 


_ 


MG GALAC TO SE 


cel 





‘ageenin 
abinose, 
uffinose. 
n, gly. & 
salicin, 


) C. no 
d fron 


nism il 
a Ken 
ls, 0.05 
05. per 
istilled 
sks, at 
s. The 
rercen- 
i Selas 
. This, 


zyme 


tellata, ¥ 


, N.S. 
ellaria 
ularis, 
re ob- 
pared 
rs ina 
tered, 
r cent 
tively 


Was 
r cen- 
th 95 
6 per 
ction. 
lowed 
nogyi 
f the 
* cent 
quots 
eter- 
wr the 
‘Avity 
after 


I 7.5. 


1955) 


LESULTS 


Conditions of activity and assay. The rate of hydrolysis 


bof carrageenin by the enzyme preparation under the 


| optimum conditions of pH 7.5 and 25 C is shown in 


figure 1. The initial rate of hydrolysis was rapid. At the 
end of the reaction approximately 30 mg of reducing 
sugar were obtained from 400 mg of carrageenin. 

The relationship between pH and enzymic activity is 
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Fic. 1. Time activity curve. Rate of hydrolysis of 0.4 per 


cent carrageenin at pH 7.5 and 25 C. 
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Fig. 2. Effect of pH on enzyme activity. Phosphate buffer 


0.4 per cent carrageenin, 25 C. 
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shown in figure 2. The enzyme was active over a pH 
range of 5 to 9 with the optimum about 7.5. 4 
Variation in the concentration of substrate estab- 
lished that activity of the enzyme preparation was 
independent of concentration above 0.3 per cent. 
Relation of activity to temperature is shown in figure 
3. There is a peak at 40 C and inhibition at 60 C. The 
amount of reducing sugar formed at 25 C was approxi- 
mately 50 per cent of the total reducing sugar obtained 
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Fic. 3. Effect of temperature on enzyme activity. 0.4 per 


cent carrageenin, pH 7.5. 
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Fic. 4. Hydrolysis of kappa, lambda fractions and unfrac- 
tionated carrageenin. Concentration 0.4 per cent, pH 7.0, 
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on complete enzymic hydrolysis. The enzyme prepara- 
tion was stable and no loss of activity occurred in solu- 
tions incubated for nine days at 10 C. 

Specificity. The enzyme preparation did not degrade 
inulin, salicin, starch or dextrin. Galactoside linkages 
in raffinose and in the gums ghatti, benzoin, damar, 
and guaiac were not attacked. 

The enzyme was essentially specific for the kappa 
fraction of carrageenin. Figure 4 shows that the kappa 
fraction was hydrolyzed to a greater extent than 
unfractionated carrageenin and that the lambda frac- 
tion was only slightly affected. 

Rate of hydrolysis of the polysaccharides from vari- 
ous algae is shown in figure 5 and table 1. The carra- 
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Fig. 5. Hydrolysis of extracts from marine algae. Concen- 
tration 0.4 per cent, pH 7.0, 25C. 


TaBLE 1. Enzymic hydrolysis of extracts from marine algae 


| Reducing 

sugar 

Agarophytes Gracilaria confervoidest 0 
Pterocladia sp. 0 

Ahnfeldtia plicata 0 

| Gelidium cartilagineum 0 

| (Commercial Difco agar) 0 

Carrageens | Chondrus crispust 22 
Gigartina stellata 21 

Gigartina acicularis 7 

Tridophycus sp. 15 

Hypnea musciformis 14 

Furcellaria fastigiata 23 


* Reducing sugar mg galactose/100 ml from 400 mg extract 
in 180 minutes. 

+ pH 6.0 and pH 7.0 at 40 C. 

t pH 7.0 25C. 
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geenase did not hydrolyze commercial agar or ex rae 
from the known agarophytes, Gelidium cartilag: reun 
(Difco agar), Gracilaria confervoides (Australian : gar) 
Pterocladia (New Zealand agar), Ahnfeldtia plicaty 
(Russian agar). 

Extracts from Chondrus crispus and Gigartina sivllaty 
were hydrolyzed at the same rate as commercial prepa. 
rations from these algae. An extract from Furce/lariy 


fastigiata was hydrolyzed at the same rate as carro. 


geenin. The rate of hydrolysis of an extract from 
Hypnea musciformis was similar to that of the kappa 
fraction. Extracts from Gigartina acicularis and /rido- 
phycus sp. were hydrolyzed at a slower rate than carra- 
geenin. 

DISCUSSION 


It may be claimed from the above results that the 
enzyme preparation which hydrolyzes carrageenin js 
specific for the kappa fraction. The recent. finding oj 
Smith, O’Neill, Perlin, and Cook (personal communi- 
cation) of the occurrence of anhydrogalactose units in 
kappa-carrageenin provides a reason for this specificity. 
The sterioisomerism of the polysaccharides in Chondrus 
would thus be different. This key may thus be applied 
to extracts obtained from various algal species. The 
enzymic hydrolysis of such extracts suggests that the 
kappa or gel fraction of carrageenin may be present in 
other red algae. Smith and Cook (1953) have shown 
that extracts from Gigartina species contained less 
kappa carrageenin and those from Hypnea musciformis 
more kappa carrageenin than does Chondrus crispus, 
while Gracilaria confervoides contained no kappa-sensi- 
tive material. The rate of enzymic hydrolysis of the 
Hypnea extract in our results suggests that it contains a 
high concentration of kappa. The concentration of 
kappa in Furcellaria fastigiata is not known but potas- 
sium ions are usually added to increase the gel strength 
of the extract from this alga. Dillon (1952) reported that 
the polysaccharide of Furcellaria fastigiata appeared to 
resemble carrageenin fairly closely but contained less 
sulphate. Our results suggest that the extract from Fur- 
cellaria is similar to that of Chondrus. The extract from 
Gigartina acicularis forms a viscous nongelling solution. 
The low yield of reducing sugar formed on hydrolysis 
suggests that it contains only a small amount of kappa 
carrageenin. The polysaccharide of Jridophycus was 


found to be similar to carrageenin as previously claimed 


(Mori 1943). 

The enzyme preparation did not hydrolyze extracts 
from known agarophytes and this is consistent with the 
results of chemical studies differentiating agar and 
carrageenin. 
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SUMMARY 


An extracellular enzyme which can hydrolyze carra- 
yeni was obtained from a marine bacterium. Opti- 
mum conditions of activity were at 0.4 per cent carra- 
genin, 40 C and pH 7.5. Activity was measured by 
amount of reducing sugar formed after 2 minutes. The 
enzyme was specific for the kappa fraction of carra- 
genin. Extracts from Furcellaria fastigiata, Hypnea 
musciformis, Gigartina acicularis and Iridophycus sp. 


were hydrolyzed. The enzyme did not hydrolyze agar or 


extracts from several agarophytes. 
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